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(54) Electrolyte, lithium battery and electrochemical capacitor 

(57) The object of the present invention is to provide 
organic electrolyte and polymer electrolyte, wherein dif- 
fusivity of mobile ions is enhanced; and to provide lith- 
ium primary battery, lithium secondary battery, polymer 
secondary battery, and electrochemical capacitor, 
wherein their capacities at a low temperature are 
increased. 

The present invention relates to non-aqueous elec- 
trolyte and polymer electrolyte, wherein fluorinated sol- 
vent having fluorinated alkyi group, of which tenninal 
end structure is unsymmetrical structure, is mixed with 
the electrolyte, and to various usage using the above 
electrolyte. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to non-aqueous electrolyte, solid electrolyte, lithium secondary batteries, and 
electrochemical capacitors, particularly, to improvement in diffusivity of electrolyte and solid electrolyte, to improvement 
in load performance of batteries and polymer secondary batteries at a low temperature, and to improvement in charge- 
discharge performance of electrochemical capacitors. 

[0002] Non-aqueous electrolyte using organic solvent has a high anti-oxidant performance in comparison with 

10 aqueous electrolyte, and is widely used for lithium primary batteries and lithium secondary batteries, which are driven 
with a voltage higher than the oxidation voltage of water, and for electrochemical capacitors exceeding 2V class, and 
the like. Generally, for the non-aqueous electrolyte, organic solvents of cyclic and linear chain cart5onate ester such as 
ethylene carbonate, propylene carbonate, butylene carbonate, dimethyl carbonate, ethyl methyl carbonate, diethyl car- 
bonate, and the like; cyclic and linear chain ether such as dimethoxy methane, 1. 2-dimethoxy ethane, digryme, tri- 

75 gryme.' 1 , 3-dioxolane, tetrahydrofuran, 2-methyt tetrahydrofuran. and the like; ^butylolactom, sulfolane, methyl 
propionate, ethyl propionate, and others are used. However, these solvent have a larger molecular weight in compari- 
son with water molecule, and disadvantages in view of solubility and dissociation, because the number of molecules of 
solvent is small in an equivalent salt concentration. Furthermore, diffusivity of ions is decreased, because the volume 
of solvation to ions becomes larger than water, and decreasing capacity perfomnance of batteries and capacitors is gen- 

20 erated at a low temperature or high rate load with the non-aqueous electrolyte. 

[0003] Solid electrolyte, which is formed by impregnating non-aqueous electrolyte into foamed polymer material 
such as polyvinylidene fluoride (hereinafter, called as PVDF) and the like, and gel group solid polymer electrolyte, which 
uses gel formed by the steps of melting polymer such as polyethylene oxide (hereinafter, called as PEO) with non-aque- 
ous electrolyte at a high temperature and cooling to room temperature as an electrolyte, can make outer container of 

25 batteries thin and light weight, because the electrolyte have no problems in liquid leakage of batteries, nor necessity to 
use strong battery can. Therefore, cun-ently. polymer batteries using these electrolyte have been developed, and have 
come to be mounted in portable telephones and the like. These polymer electrolyte have further lower diffusivity of ions 
in comparison with liquid non-aqueous electrolyte, and their operation perfomnance at a low temperature and high rate 
load are further decreased. ^ . 

30 [0004] Non-aqueous electrolyte has a low electric conductivity in comparison with aqueous electrolyte , and is infe- 
rior to the aqueous electrolyte in low temperature characteristics and load characteristics. In order to solve the prob- 
lems, US Patent 5,795,677 discloses a non-aqueous electrolyte which includes a fluorinated ether having a structure 
that fluorinated alkyi chain and ether oxygen are connected via a -CH2- structure. In accordance with the above prior 
art. the low temperature characteristics and load characteristics are certainly improved by mixing the fluorinated sol- 

35 vent. 

[0005] However, in case of the above prior art. wherein the fluorinated alkyI chain and ether oxygen are connected 
via a -CH2- structure, decreasing the electron density on the ether oxygen is small, and an interaction between the fluor- 
inated ether and lithium ions is existed. Therefore, the fluorinated ether Is solvated with lithium ions, and an advantage 
that the improvement in diffusivity of lithium ions by mixing the fluorinated solvent can not be achieved sufficiently. 



40 



SUMMARY OF THE INVENTION 



[0006] One of the objects of the present invention is to provide a non-aqueous electrolyte having a high diffusivity; 
a polymer electrolyte having a high diffusivity; and non-aqueous electrolyte group batteries, electrochemical capacitors. 
45 and polymer secondary batteries, performance at a low temperature of which were improved by using the above elec- 
trolyte. 

[0007] The above object can be achieved by mixing a fluorinated solvent indicated by a chemical formula 1 into the 
non-aqueous electrolyte. If lithium salt is used as supporting electrolyte of the non-aqueous electrolyte, the electrolyte 
can be used as the electrolyte for lithium primary battery and lithium secondary battery, and diffusivity of the lithium ions 

50 can be improved. Furthermore, performance of these batteries at a low temperature can be improved by using these 
electrolyte. If quaternary onium salt is used as supporting electrolyte, the electrolyte can be used as the electrolyte for 
electrochemical capacitors, and performance of these capacitors at a low temperature can be improved by using the 
electrolyte. Furthermore, diffusivity of lithium ions in polymer electrolyte can be improved by mixing the fluorinated sol- 
vent expressed by the chemical formula 1 into polymer electrolyte composed of a mixture of polymer compound and 

55 non-aqueous electrolyte, and performance of the polymer secondary batteries at a low temperature can be improved 
by using the electrolyte. 

[0008] The fluorinated solvent to be mixed into an electrolyte is ethyl ether of fluorinated alkyI carboxylic acid, ter- 
minal end of the fluorinated alkyl of which is difluoromethyi group, expressed by the following chemical formula 5. which 
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has a structure that the fluorinated alkyi group is directly combined with functional group: 



H-C 
( 

F 



CFg-i^C-O-CHzCH, 
II 
O 



10 



(wherein, s indicates any one of integers of 0, 3, S, 7, and 9), or 

15 fluorinated alkyl iodide, terminal end of the fluorinated alkyI of which is difluoromethyl group, expressed by the fol- 
lowing chemical formula 6: 



20 



25 



F 
I 

H-C 
I 

F 



CF, 



C H, I 



30 



(wherein, t indicates any one of integers of 1 , 3, and 5), or 

fluorinated solvent, both terminal ends of its molecule are isoheptafluoropropyl groups, expressed by the following 
chemical formula 7: 



35 



40 



CFa CFj 

I I 
H-C-i-CF2-hr C— F 

• I I 
CF3 CF3 



45 

(wherein, u indicates an integer of 4 or 8), or 

fluorinated alkyl acrylate compound, terminal end of the fluorinated alkyl of which is difluoromethyl group, 
expressed by the following chemkial formula 8: 

so 

F 
I 

H - C H- C Fa-Kr C H aO O C C H = C H, 

55 I 
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(wherein, v indicates any one of integers of 4. 6, 8, and 1 0), or 

fluorinated alkyi methacrylate compound, terminal end of the fluorinated alkyi of which is difluoromethyl group, 
expressed by the following chemical formula 9: 



F 
I 

H-C— e C F2't7" CH2 OOCC(C H3) = C H2 
F 



(wherein, w indicates any one of integers of 4, 6, 8, and 1 0), or 
a compound expressed by the following chemical formula 1 0: 

I 

H-C— ^CF2-i-;7- O-R* 
CF3 . 

(wherein, n indicates an integer in the range of 2-6. and R4 indicates any one of methyl group, ethyl group, and pro- 
pyl group), for instance, any one of ether of H(CF2)20CH3. H(CF2)20CH2CH3, H{CF2)20CH2CF3, and the like, or 
ether of CF3CHFCF2OCH3, CF3CHFCF2OCH2CH3. or iso-perfluoroalkyi alkyi ether expressed by the chemical for- 
mula 4, that is. 2-trifluoromethyl hexafluoropropyl methyl ether. 2-trifluoromethyl hexafluoropropyl ethyl ether, 2-tn- 
fluoromethyl hexafluoropropyl propyl ether. 3-trifluoro octafluorobutyl methyl ether. 3-trifluoro octafluorobutyl ethyl 
ether, 3-trifluoro octafluorobutyl propyl ether, 4-triftuorodecafluoropenthyl methyl ether, 4-trifluorodecafluoropenthyl 
ethyl ether, 4-trifluorodecafluoropenthyl propyl ether, 5-trifluorododecafluorohexyl methyl ether, 5-trifluorodo- 
decafluorohexyl ethyl ether, 5-trifluorododecafluorohexyl propyl ether, 6-trifluorotetradecafluoroheptyl methyl ether, 
6-trifluorotetradecafluoroheptyl ethyl ether, 6-trifluorotetradecafluoroheptyl propyl ether, 7-trifluQrohexade- 
cafluorooctyl methyl ether. 7-trifluorohexadecafluorooctyl ethyl ether, and 7-trifluorohexadecafluorohexyl octyl ether 
can be used. Furthermore, a mixture of any one of the above compounds with perfluoroalkyl alky! ether having a 
linear chain structure can be used. 

[0009] The solvent for composing the electrolyte other than the fluorinated solvent are cyclic and linear chain car- 
bonate ester such as ethylene carbonate, propylene carbonate, butylene carbonate, chloroethylene carbonate, trifluor- 
omethyl propylene carbonate, vinylene carbonate, dimethyl vinylene carbonate, dimethyl carbonate, ethyl methyl 
carbonate, diethyl carbonate, and the like; cyclic and linear chain ether such as dimethoxy methane, 1, 2-dimethoxy 
e*«ane. digryme, trigryme. 1, 3-dioxolane, tetrahydrofuran. 2-methyl tetrahydrofuran. and the like; T^butylolactom. sul- 
folane. methyl propionate, ethyl propionate, ethylene sulfate, dimethyl sulfoxide, ethyl methyl sulfoxide, diethyl sulfoxide, 
methyl propyl sulfoxide, ethyl propyl sulfoxide, propane sulton. and others, which can be used alone or as a mixture. 
[0010] As the lithium salt for supporting electrolyte of the electrolyte for lithium battery. LiPFe. LiBF4. LiCIF4. 
LiS03CF3, LiN(S02CF3). LiNCSOaCFgCFa). LiC(S02CF2CF3)3, LiC(S02CF3)3. Lil. LiCI. LiF, LiPF5(S02CF3). 
LiPF4{S02CF3)2, and the like can be used. 

[0011] As the supporting electrolyte for electrochemical capacitor, quaternary onium salts such as 
(CH3CH2)4NBF4, (CH3CH2)4NPF6. (CH3CH2)4NCI04. (CH3CH2)4PBF4. (CH3CH2)4PPF6. {CH3CH2)4PCI04. 
(CH3)4PBF4. (CH3)4PPF6. (CH3)4PCI04, (CH3CH2CH2)4PBF4, (CH3CH2CH2)4PPF6, {CH3CH2CH2)4PC104. 
(CH3CH2CH2)4NBF4. (CH3CH2CH2)4NPF6. (CH3CH2CH2)4NC104, (CH3)4NBF4, (CH3)4NPF6. {CH3)4NCI04. 
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(CH3CH2CH2CH2)4PBF,. (CH3CH2CH2CH2)4PPF6. (CH3CH2CH2CH2)4PCI04. C^sCHaCH^CH^UNB^ 
CH3CHoCH2CH2)4NPF6. (CH3CH2CH2CH2)4NCI04. (CH3CH2)4NS02CF3. (CH3CH2)4NN(S02CF3)2. 
CHnCHo)4NS03C4Fo. (CH3CH2)4NB(CH3CH2)4, and the like can be used. When carbon material Is used as the active 

material the charging capacity can be increased by utilizing concurrently the intercalation reaction of lithium ions. 

Therefore the lithium salt indicated as for lithium battery can be used as the electrolyte for the electrochemical capac- 



itors. 



(Polymer electrolyte) 



10 



IS 



20 



[0012] The polymer electrolyte can be manufactured by mixing, or heating to dissolve together and cooling, the 
electrolyte containing the above fluorinated solvent with an appropriate amount of poVmer such as polyvinylidene flu- 
oride polyacrylonitrile. polyethylene oxide, and the like. Othenwise. the polymer electrolyte can be manufactured by 
impregnating the electrolyte containing the above fluorinated solvent into foamed polymer base material such as poly- 
vinylidene fluoride, polyurethane, and the like. Otherwise, the polymer electrolyte can be manufactured by mixing the 
electrolyte containing the above fluorinated solvent with monomer, or oligomer of methacrylic acid denvative having 
double bond therein, and curing by heating the mixture. As the non-aqueous electrolyte to be mixed with the above 
monomer, or oligomer, the electrolyte for the lithium battery described above can be used. 



30 



(Lithium primary battery) 



[00131 The lithium primary battery used in the present invention can be manufactured by using lithium metal as a 
negative electrode; using fabricated pellet of manganese dioxide as a positive electrode of coin type batten^ or using 
manganese dioxide applied onto both side planes of aluminum foil as a posith/e electrode, which is laminated with ith- 
ium metal foil negative electrode via poVmer separator and is wound to form an electrode group: and inserting the elec- 
ts trode group into a cylindrical battery can to fomi a cylindrical battery by sealing. . , u- u 
[00141 Furthermore, in addition to metallic lithium, the negative electrode can be formed with a material which can 
intercalate-deintercalate lithium, for instance, a IHhium-aluminum alloy, carbon material, for example, cokes, graphite, 
and the like. In addition to manganese dioxide, the positive electrode can be formed with an oxide containing at least 
one of metallic materials such as cobalt, nickel, niobium, vanadium, and the like. 



(Lithium secondary battery) 



[001 5] As the negative electrode of the lithium secondary battery, metallic lithium; an alloy of lithium with aluminum; 
natural or artificial graphite and amorphous carbon materials; or complex materials of carbon with a matenal such as 

35 silicon, germanium, aluminum, gold, and the like, which form an alloy with lithium, can be used. 

[0016] As materials for the positive electrode, a complex oxide of lithium with cobalt, nickel, iron, and the like; a 
material obtained by adding any of transition metals, silicon, gennanium, aluminum, manganese, magnesium, and the 
like to the above complex oxide; and lithium manganate and a material obtained by adding and mixing any of lithium, 
transition metals silicon, germanium, aluminum, manganese, magnesium, and the like, to lithium manganate; can be 

40 used As material for the separator, micro-porous film of polymer such as polyethylene, polypropylene, vinylene copol- 
ymer, butylene. and the like, or micro-porous film obtained by laminating the above film to two layers, or three layers can 
be used. 

(Polymer secondary battery) 

^ [0017] Polymer secondary battery can be fomned by interposing the above polymer electrolyte and lithium between 
the negative electrode and the positive electrode, which can intercalate-deintercalate lithium. Othenvise. the polymer 
electrolyte can be used by being impregnated into mfcro-porous film made of polyethylene, polypropylene, polybutene. 
and the like. The negative electrode and the positive electrode described in connection with the above lithium second- 
so ary battery can be preferably used. 

(Electrochemical capacitor) 

rooiSl The electrochemical capacitor is formed, using carbon material having a large specific surface area as 
55 polarizable electrodes of the positive electrode and the negative electrode, by laminating or winding these electrodes 
via a separator, and pouring electrolyte. The electrolyte can be used as a gel state polymer electrolyte by mixing poly- 
mer in addition to liquid electrolyte. As the polarizable carbon material having a large specific surface area, glassy car- 
bon' carbon black, carbon fiber, activated carbon micro-bead, activated carbon fiber, and the like can be used. In 



5 



BNSOOCIO: <£P I08S591A1 J.> 



EP 1 085 591 A1 

addition to the above carbon material, organic compounds such as pyrrole compounds, and aniline group compounds 
can be used as the polarizable electrode material. As the separator, the material described previously can be used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

^ [001 9] These and other objects, features and advantages of the present invention will be understood more clearly 
from the following detailed description with reference to the accompanying drawings, wherein. 

FIG. 1 is a partial cross section of a coin type lithium primary battery indicating an embodiment of the present 

10 invention, ... ^ < *u 

FIG. 2 is a partial cross section of a cylindrical type lithium secondary battery indicating an embodiment of the 

present invention, 

FIG. 3 is a graph indicating battery performance by discharge voltage profile at 0 *»C of an embodiment of the 
present invention, and 

15 FIG. 4 is a cross section of a polymer secondary battery indicating an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0020] Hereinafter, details of the present invention is explained referring to the embodiments. However, the present 
20 invention is not restricted by the embodiments. 

(Non-aqueous electrolyte using lithium salt as the supporting electrolyte) 
(Comparative example 1) 

[0021] The electrolyte A of the comparative example 1 was prepared by mixing ethylene cartaonate (hereinafter, 
called as EC) and dimethyl carbonate (hereinafter, called as DMC) in a ratio of EC:DMC = 33:67 by volume as the 
organic solvent, and dissolving LiPFs of 1 M (mole/liter) therein as lithium salt. The charge-discharge performance of 
the battery was influenced significantly by diffusivity of mobile ions into the electrodes. Accordingly, perfomnance of the 
electrolyte was evaluated by self diffusion coefficient of the mobile ions (refer to New York. 1 996. p. 1 626-1 644. and oth- 
ers). The evaluation was performed at 25 «C. The diffusion coefficient of lithium ions in the electrolyte A measured by 
the above method was 3X10"^° m^/sec. 



25 



30 



35 



45 



so 



(Embodiment 1) 



[0022] The electrolyte 1 of the embodiment 1 was prepared by mixing ethylene carbonate (hereinafter, called as 
EC) and dimethyl carbonate (hereinafter, called as DMC) as organic solvents, and ethyl-2. 2. 3. 3. 4. 4. 5. 5-octafluoro- 
penthylate (HCF2(CF2)3 COOEt: hereinafter, called as EOFPA) as fluorinated solvent in a ratio of EC:DMC:EOFPA = 
32*63-5 by volume, and dissolving LiPFg of 1 M (mole/liter) therein as lithium salt. The diffusion coefficient of lithium ions 
40 in the electrolyte V measured by PFG-NMR method was 7 X 10*^° m^/sec. The diffusion coefficient in the electrolyte 1 
was increased by 4 X 10"^° m^/sec in comparison with the comparative example 1 . 



(Embodiment 2) 



[0023] The electrolyte 2 of the embodiment 2 was prepared by mixing EC and DMC as organic solvents, and 2. 2, 
3. 3. 4, 4, 5, 5-octafluoropentane-1 -iodide (HCF2(CF2)3 CHgl: hereinafter, called as lOFP) as fluorinated solvent in a 
ratio of EC DMC IOFP = 32:63:5 by volume, and dissolving LiPFg of 1 M (mole/liter) therein as lithium salt. The diffusion 
coefficient of lithium ions in the electrolyte 2 measured by PFG-NMR method was 8 X 1 0'^^ m^/sec. The diffusion coef- 
ficient in the electrolyte 2 was increased by 5 X 10'^° m^/sec in comparison with the comparative example 1. 



(Embodiment 3) 



[0024] The electrolyte 3 of the embodiment 3 was prepared by mixing EC and DMC as organic solvents, and 2. 7- 
ditrifluoromethyl-1 1 1 2 3 3. 4. 4. 5, 5. 6, 6. 7. 8. 8, 8-heptadecafluorooctane (FCiCFa)? (CF2)4(CF3)2CF: hereinafter, 
55 called as TFHFO) as fluorinated sotv^nt in a ratio of EC:DMC:TFHFO = 32:63:5 by volume, and dissolving LiPFg of 1 
M (mole/liter) therein as lithium ss = ne diffusion coefficient of lithium ions in the electrolyte 3 measured by PFG-NMR 
method was 9 X lO'^o m^/sec. T - diffusion coefficient of the mobile ions in the electrolyte 3 was increased by 6 X 10 
m^/sec in comparison with the comparative example 1. 
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r00251 As explained above, self-diffusivity of lithium ions in the non-aqueous electrolyte can be increased by mixing 
fluorinated solvent, which has a structure that terminal ends of the molecule are partially fluorinated. into the electrolyte. 

(Embodiment 4) 

r00261 The electrolyte 4 of the embodiment 4 was prepared by mixing EC and DMC as organic solvents, and 1 . 1 
2 2-tetrafluoropropyl methyl ether {HiCFih OCH3: hereinafter, called as FPME) as fluorinated solvent ,n a ratio of 
EC DMC FPME = 32-63-5 by volume, and dissolving LiPFe of 1 M (mole/liter) therein as lithium salt. The diffusion coef- 
ficient of lithium ions in the electrolyte 4 measured by PFG-NMR method was 13 X 10^° m^/sec. The diffusion coeffi- 
cient of the mobile ions in the electrolyte 4 was increased by one order in comparison with the comparative example 1 . 
and increased by 4 X 1 0'^° m^/sec in comparison with the embodiment 3. 

r00271 As explained above, diffusivity of lithium ions was improved significantly by providing an ether group having 
an appropriate polarity as a functional group of the fluorinated solvent in comparison with a case when no functonal 
group was provided, or the functional group was an ester group. 

(Embodiment 5) 

r00281 The electrolyte 5 of the embodiment 5 was prepared by mixing EC and DMC as organic solvents, and 1 . 1 . 
2 3. 3, 3-hexafluoropropyl methyl ether (CF3CHFCF2 OCH3: hereinafter, called as HFPME) as fluorinated solvent in a 
ratio of EC-DMC:HFPME = 32:63:5 by volume, and dissolving LIPFe of 1 M (mole/liter) therein as Irthium salt^The dif- 
fusion coefficient of lithium Ions In the electrolyte 5 measured by PFG-NMR method was 1 7X10- m /sec. The diffu- 
sion coefficient of the mobile ions in the electrolyte 5 was Increased by 14 X 10-^° m^/sec in companson with the 
comparative example 1 . and increased by 4 X 1 0'^o m^/sec in comparison with the embodiment 4. 
[00291 As explained above, the ether having a CF3CHF structure at a terminal end of fluonnated alky! group has an 
25 effect to improve diffusivity of lithium ions further. 

(Embodiment 6) 

[00301 The electrolyte 6 of the embodiment 6 was prepared by mixing EC and DMC as organic solvents and 2-tri- 
fluoromethyl-1. 1. 2. 3. 3. 3-hecafluoropropyl methyl ether (FC(CF3)2CF2 OCH3: hereinafter, called as HFEI) as fluon- 
nated solvent in a r^tio of EC:DMC:HFEI =32:63:5 by volume, and dissolving LiPFg of 1 M (mole/liter therem as hth.um 
salt The diffusion coefficient of lithium ions in the electrolyte 6 measured by PFG-NMR method was 19 X 1 0 m /sea 
The diffusion coefficient of the mobile ions In the electrolyte 6 was Increased by 16 X lO'^^ m^/sec in companson wrth 
the comparative example 1 . and increased by 6 X 1 0"^° m^/sec in comparison with the embodiment 4 
[0031] As explained above, the ether having two CF3 groups at terminal ends of the molecule has an effect to 
improve diffusivity of lithium Ions further. 

(Embodiment 7) 

[0032] HFEI and its isomer. (CF3(CF2)30CH3: hereinafter, called as HFEN) were mixed in a ratio of HFEUHFEN = 
80:20 by volume to obtain the fluorinated solvent HFEI . The electrolyte 7 of the embodiment 7 was prepared by m«,ng 
EC DMC and HFEI in a ratio of EC:DMC:HFE1 = 32:63:5 by volume, and dissolving LiPFg of 1 M (mole/liter) therein 
as iithium salt. The diffusion coefficient of lithium ions In the electrolyte 7 measured by PFG-NMR method was 22 X 1 0 
^° m^/sec. 



30 
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(Embodiment 8) 



[0033] The fluorinated solvent HFE2 was prepared by mixing HFEI and HFEN in a ratio of HFEhHFEN = 60:40 by 
lolume. The electrolyte B of the embodiment 8 was prepared by mixing EC. DMC. and "^^^ in a ratio of 
so EC DMC HFE2 = 32 63:5 by volume, and dissolving LiPFg of 1 M (mole/liter) therein as lithium salt. The diffusion coef- 
ficient of lithium ions in the electrolyte 8 measured by PFG-NMR method was 24 X 10" « m /sec. 

(Embodiment 9). 

55 [0034] The fluorinated solvent HFE3 was prepared by mixing HFEI and HFEN in a ratio of HFEhHFEN = 40:60 by 
volume The electrolyte 9 of the embodiment 9 was prepared by mixing EC, DMC, and HFE3 ,n a ratio of 
EC DMC-HFE2 = 32:63:5 by volume, and dissolving LiPFe of 1 M (mole/liter) therein as lithium salt. The diffusion coef- 
ficient of lithium ions in the electrolyte 9 measured by PFG-NMR method was 20 X 1 0" m /sec. 



7 



BNsoocio: <ep ioe5S9iAij.> 



EP 1 085 591 A1 



[0035] As explained above, diffusivity of lithium ions could be improved by using HFE1 as the fluorinated solvent, 
and its advantage becomes further significant by using as a mixture with HFEN. In the case of mixing HFEl with HFEN. 
HFE2 prepared my mixing HFEl with HFEN in a ratio of HFE1: HFEN = 60:40 was the most effective. 



5 (Embodiment 10) 

[0036] The fluorinated solvent HFE2, which was prepared by mixing HFEl and HFEN in a ratio of HFEI:HFEN = 
60:40 by volume, was mixed with EC and DMC in a ratio of EC:DMC:HFE2 = 30:60:10 by volume, and dissolving LiPFg 
of 0.8 M (mole/liter) and LiN(S02CF2CF3)2 (hereinafter, called as LiBETl) of 0.4 M(mole/liter) therein as lithium salt to 
10 prepare the electrolyte 1 0 of the embodiment 1 0. The diffusion coefficient of lithium ions in the electrolyte 1 0 measured 
by PFG-NMR method was 26 X 10'^° m^/sec. 

[0037] As explained above, the effect to improve the diffusivity of ions is enhanced further by increasing the amount 
of the mixing fluorinated solvent. In accordance with this system, if the amount of the mixing fluorinated solvent is 
increased, phase separation of the solution is generated. In order to prevent the separation, an organic lithium salt, 
75 LiBETl. was added. By making the salt co-exist, or be a main supporting electrolyte, it becomes possible to mix the 
fluorinated solvent stably in a wide range of mixing amount to a high concentration. 



(Embodiment 11) 

[0038] The electrolyte 11 of the embodiment 11 was prepared by mixing HFE2 with EC and DMC in a ratio of 
EC:DMC:HFE2 = 20:60:20 by volume, and dissolving LiPFe 0-6 M (mole/liter) and LiBETl of 0.8 M (mole/liter) therein 
as lithium salt. The diffusion coefficient of lithium ions in the electrolyte 1 1 measured by PFG-NMR method was 28 X 
10*"'°m2/sec. 



25 (Embodiment 12) 

[0039] The electrolyte 12 of the embodiment 12 was prepared by mixing HFE2 with EC and DMC in a ratio of 
EC:DMC:HFE2 = 10:60:30 by volume, and dissolving LiPFs of 0.3 M (mole/liter) and LiBETl of 0.9 M (mole/liter) therein 
as lithium salt. The diffusion coefficient of lithium ions in the electrolyte 12 measured by PFG-NMR method was 30 X 
30 lO'^^m^/sec. 



(Embodiment 13) 

[0040] The electrolyte 13 of the embodiment 13 was prepared by mixing HFE2 with EC and DMC in a ratio of 
35 EC:DMC:HFE2 = 10:50:40 by volume, and dissolving LiPFs O-^ M (mole/liter) and LiBETl of 1 .1 M (mole/liter) therein 
as lithium salt. The diffusion coefficient of lithium ions in the electrolyte 13 measured by PFG-NMR method was 25 X 
10 ''° m^/sec. 

[0041] As explained above, the effect to improve the diffusivity of ions is enhanced further by increasing the amount 
of the mixing fluorinated solvent. HFE2. In the HFE2 system, mixing the HFE2 by 30 % was the most effective. 

40 

(Comparative example 2) 

[0042] The electrolyte B of the comparative example 2 was prepared by mixing ethyl methyl carbonate (hereinafter, 
called as EMC) and EC in a ratio of EMCiEC = 33:67 by volume as the organic solvent, and dissolving LiPFg of 1 M 
45 (mole/liter) therein as lithium salt. The diffusion coefficient of lithium ions in the electrolyte C measured by PFG-NMR 
method was 2 X 10'^° m^/sec. 



(Embodiment 14) 

so [0043] The electrolyte 14 of the embodiment 14 was prepared by mixing HFE2 with EC and EMC in a ratio of 
EC:EMC:HFE2 = 32:63:5 by volume as solvent, and dissolving LiPFg of 1 M (mole/liter) therein as lithium salt. The dif- 
fusion coefficient of lithium ions in the electrolyte 14 measured by PFG-NMR method was 22 X 10'^° m^/sec. 
[0044] As explained above, the diffusion coefficient in the electrolyte 14 is more than 10 times of that in the com- 
parative example 2 even if kind of the linear chain carbonate is varied, and the fluorinated solvent operates effectively 

55 notwithstanding the kind of the linear chain carbonate. 
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(Comparative example 3) 

[0045] The electrolyte C of the comparative example 3 was prepared by mixing propylene carbonate (hereinafter, 
called as PC) and dimethoxy ethane (hereinafter, called as DME) in a ratio of PC:DME=30:70 by volume as the organic 
5 solvent, and dissolving LiS03CF3 of 1 .5 M (mole/liter) therein as lithium salt. The diffusion coefficient of lithium ions in 
the electrolyte C measured by PFG-NMR method was 2 X 10'^° m^/sec. 

(Embodiment 15) 

10 [0046] The electrolyte 15 of the embodiment 15 was prepared by mixing HFE2 with PC and DME in a ratio of 
PC:DME:HFE2 = 32:63:5 by volume as solvent, and dissolving LiS03CF3 of 1.5 M (mole/liter) therein as lithium salt. 
The diffusion coefficient of lithium ions in the electrolyte 15 measured by PFG-NMR method was 17 X 10"''^ m^/sec. 
[0047] As explained above, the diffusion coefficient in the electrolyte 15 Is more than 8 times of that in the compar- 
ative example 3 even if kind of the solvent and supporting electrolyte are varied, and the fluorinated solvent operates 

15 effectively in-elevant to the kind of the solvent and the supporting electrolyte, 

[0048] As explained above, the effect mixing the fluorinated solvent is clear to the non-aqueous electrolyte systems 
which are widely used for lithium primary batteries. 

(Non-aqueous electrolyte using quaternary onium salt as the supporting electrolyte) 

20 

(Comparative example 4) 

[0049] The electrolyte D of the comparative example 4 was prepared by using PC as the organic solvent, and dis- 
solving tetraethyl ammonium tetrafluoroborate. (Et)4NBF4 of 0.6 M (mole/liter) therein as quaternary onium salt. The dif- 
25 fusion coefficient of ammonium ions in the electrolyte D measured by PFG-NMR method was 7 X 1 0*^° m^/sec. 

(Embodiment 16) 

[0050] The electrolyte 16 of the embodiment 16 was prepared by using a mixture of PC:DEC:EOFPA 
30 (HCF2{CF2)3COOEt) = 85:1 0:5 as solvent, and dissolving (Et)4NBF4 of 0.6 M (mole/liter) therein. The diffusion coeffi- 
cient of ammonium ions in the electrolyte 16 measured by PFG-NMR method was 12 X 10"^° m^/sec. 
[0051] In comparison with the comparative example 4, the diffusion coefficient of the mobile ions in the electrolyte 

1 6 was increased by 5 X 1 0"^° m^/sec. It was revealed that, even if the mobile ions were ammonium ions, the diffusivity 
was increased by mixing the fluorinated solvent 

35 

(Embodiment 17) 

[0052] The electrolyte 17 of the embodiment 17 was prepared by using a mixture of PC:DEC:IOFP 
(HCF2(CF2)3CH2l) = 85:1 0:5 as solvent, and dissolving (Et)4NBF4 of 0.6 M (mole/liter) therein. The diffusion coefficient 
40 of ammonium ions in the electrolyte 17 measured by PFG-NMR method was 13 X 10*^° m^/sec. 

[0053] In comparison with the comparative example 4, the diffusion coefficient of the mobile ions in the electrolyte 

1 7 was increased by 6 X 1 0*^^ m^/sec. 

(Embodiment 18) 

45 

[0054] The electrolyte 18 of the embodiment 18 was prepared by using a mixture of PC:DEC:TFHFO 
(FC(CF3)2(CF2)4CF(CF3)2) = 85:10:5 as solvent, and dissolving (Et)4NBF4 of 0.6 M (mole/liter) therein. The diffusion 
coefficient of ammonium ions in the electrolyte 18 measured by PFG-NMR method was 14 X 10""*° m^/sec, 
[0055] In comparison with the comparative example 4, the diffusion coefficient of the mobile Ions in the electrolyte 
50 1 8 was increased by 7 X 1 0*^° m^/sec, 

(Embodiment 19) 

[0056] The electrolyte 19 of the embodiment 19 was prepared by using a mixture of PC:DEC:FPME 
55 (H(CF2)20CH3) = 85:10:5 as solvent, and dissolving (Et)4NBF4 of 0.6 M (mole/liter) therein. The diffusion coefficient of 
ammonium ions in the electrolyte 19 measured by PFG-NMR method was 18 X 10'^^ m^/sec. 

[0057] In comparison with the comparative example 4, the diffusion coefficient of the mobile ions in the electrolyte 
19 was increased by 1 1 X 10"^^ m^/sec. Even in comparison with the embodiment 18. the diffusion coefficient of the 
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mobile ions in the electrolyte 19 was increased by 4 X 10"*° m^/sec. As explained above, the diffusivity is further 
increased by using fluorinated ether. 

(Embodiment 20) 

5 

[0058] The electrolyte 20 of the embodiment 20 was prepared by using a mixture of PC:DEC:HFPME 
{CF3CHFCF2OCH3) = 85:10:5 as solvent, and dissolving (Et)4NBF4 of 0.6 M (mole/liter) therein. The diffusion coeffi- 
cient of ammonium ions in the electrolyte 20 measured by PFG-NMR method was 21 X lO'""® m^/sec. 
[0059] In comparison with the comparative example 4, the diffusion coefficient of the mobile Ions in the electrolyte 
10 20 was increased by 14 X 10'^° m^/sec. Even in comparison with the embodiment 19, the diffusion coefficient of the 
mobile tons in the electrolyte 20 was increased by 3 X 10'^° m^/sec. As explained above, the diffusivity is further 
increased by using fluorinated aikyi of a structure having CF3 -branched chain at the terminal end of the fluorinated 

15 (Embodiment 21 ) 

[0060] The electrolyte 21 of the embodiment 21 was prepared by using a mixture of PC:DEC:HFEI 
(PC{Cp^)2CP20CH3) = 85:10:5 as solvent, and dissolving (Et)4NBF4 of 0.6 M (mole/liter) therein. The diffusion coeffi- 
cient of ammonium ions in the electrolyte 21 measured by PFG-NMR method was 24 X 10*''° m^/sec. 
20 [0061] In comparison with the comparative example 4, the diffusion coefficient of the mobile ions in the electrolyte 

21 was increased by 17 X 10"^° m^/sec. As explained above, the effect is further increased by using perfluoroalkyi alkyi 
ether. 

(Embodiment 22) 

25 

[0062] The fluorinated solvent HFE1, which was prepared by mixing HFEI and HFEN in a ratio of HFE!:HFEN 
(CF3(CF2)30CH3) = 80:20 by volume, was used as solvent. The solvent was further mixed with PC and DEC in a ratio 
of PC:DEC:HFE1 = 85:1 0:5 by volume, and dissolving (Et)4NBF4 of 0.6 M (mole/liter) therein to prepare the electrolyte 

22 of the embodiment 22. The diffusion coefficient of ammonium ions in the electrolyte 22 measured by PFG-NMR 
30 method was 27 X 1 0'""® m^/sec. 

[0063] As explained above, the diffusivity of ions is increased by using the fluoroalkyi ether having a branched chain 
structure mixed with the fluoroalkyi ether having a linear chain structure. 

(Embodiment 23) 

35 

[0064] The fluorinated solvent HFE2, which was prepared by mixing HFEI and HFEN in a ratio of HFEI:HFEN = 
60:40 by volume, was used as solvent. The solvent was further mixed with PC and DEC in a ratio of PC:DEC:HFE2 = 
85:10:5 by volume, and dissolving (Et)4NBF4 of 0.6 M (mole/liter) therein to prepare the electrolyte 23 of the embodi- 
ment 23. The diffusion coefficient of ammonium ions in the electrolyte 23 measured by PFG-NMR method was 29 X 10" 
40 m^/sec. 

[0065] As explained above, the diffusion coefficient of the ions becomes higher than that in the embodiment 22 by 
2 X 10*^° m^/sec. The diffusivity of ions is increased by adjusting the mixing ratio of the HFEI and HFEN. 

(Embodiment 24) 

45 

[0066] The fluorinated solvent HFE3, which was prepared by mixing HFEI and HFEN in a ratio of HFEhHFEN = 
40:60 by volume, was used as solvent. The solvent was further mixed with PC and DEC in a ratio of PC:DEC:HFE3 = 
85:10:5 by volume, and dissolving (Et)4NBF4 of 0.6 M (mole/liter) therein to prepare the electrolyte 24 of the embodi- 
ment 24. The diffusion coefficient of ammonium ions in the electrolyte 24 measured by PFG-NMR method was 25 X 10' 
50 ^^m^/sec. 

[0067] As explained above, the diffusion coefficient of the ions becomes higher than that in the embodiment 21 by 
1 X 10'^° m^/sec. The effect of increasing the diffusivity of ions was highest when the HFEI was mixed with HFEN in a 
ratio of approximately HFEI:HFEN = 60:40 by volume. 

55 
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(Polymer electrolyte) 
(Comparative example 5) 

5 [0068] The polymer electrolyte E of the comparative example 5 was prepared by mixing the organic solvent with 
polyvinylidene fluoride (hereinafter, called as PVDF) in a ratio of EC:DMC:PVDF = 20:50:30 by weight, and dissolving 
LiTFSI of 1 .5 M (mole/liter) therein as lithium salt The diffusion coefficient of lithium ions in the polymer electrolyte E of 
the comparative example 5 measured by PFG-NMR method was 2 X 10"^^ m^/sec. 

10 (Embodiment 25) 

[00691 The polymer electrolyte 25 of the embodiment 25 was prepared by mixing the organic solvent, fluorinated 
solvent (EOFPA: HCF2(CF2)3 COOEt). and PVDF in a ratio of EC:DMC:EOFPA:PVDF = 20:45:5:30 by weight, and dis- 
solving LiTFSI of 1 ,5 M (mole/liter) therein as lithium salt The diffusion coefficient of lithium ions in the polymer electro- 
15 lyte 25 measured by PFG-NMR method was 4X10"^^ m^/sec. 

[00701 As explained above, the effect to increase diffusivity is realized by mixing the fluorinated solvent into the pol- 
ymer electrolyte. 



20 



25 



30 



(Embodiment 26) 



[00711 The polymer electrolyte 26 of the embodiment 26 was prepared by mixing the organic solvent, fluorinated 
solvent (lOFP- HCF2(CF2)3CH2l). and PVDF in a ratio of EC:DIS4C:IOFP:PVDF = 20:45:5:30 by weight and dissolving 
LiTFSI of 1 .5 M (mole/liter) therein as lithium salt. The diffusion coefficient of lithium ions in the polymer electrolyte 26 
measured by PFG-NM R method was 5X10'^^ m^/sec. 

[00721 The diffusivity of the polymer electrolyte was increased from the electrolyte of the comparative example 5 by 
3 X 10-^^ m2/sec, and from the electrolyte of the embodiment 25 by 1 X 10'" m^/sec. 



45 



50 



(Embodiment 27) 



[00731 The polymer electrolyte 27 of the embodiment 27 was prepared by mixing the organic solvent fluorinated 
solvent (TFHFO: FC(CF3)2(CF2)4(CF3)2CF). and PVDF in a ratio of EC:DMC:TFHFO:PVDF = 20:45:5:30 by weight, 
and dissolving LiTFSI of 1 .5 M (mole/liter) therein as lithium salt The diffusion coefficient of lithium ions tn the polymer 
electrolyte 27 measured by PFG-NMR method was 6 x 1 0"^ ^ m^/sec, 

[00741 The diffusivity of the polymer electrolyte was increased from the electrolyte of the embodiment 26 by 1 X 1 0 
35 m^/sec. 

(Embodiment 28) 

[00751 The polymer electrolyte 28 of the embodiment 28 was prepared by mixing the organic solvent fluorinated 
40 solvent (TFHFO: FC(CF3)2(CF2)4(CF3)2CF). and PVDF in a ratio of EC:DMC:TFHFO:PVDF = 20:45:5:30 by weight, 
and dissolving LiTFSI of 1.5 M (mole/liter) therein as lithium salt The diffusion coefficient of lithium ions in the polymer 
electrolyte 28 measured by PFG-NMR method was 8 X 10"^^ m^/sec. o v in- 

[00761 The diffusivity of the polymer electrolyte was increased from the electrolyte of the embodiment 27 by 2 X 1 0 

'''' m^/sec. 
(Embodiment 29) 

[00771 The polymer electrolyte 29 of the embodiment 29 was prepared by mixing the organic solvent, fluorinated 
solvent (HFPME- CF3CHFCF2 OCH3). and PVDF in a ratio of EC:DMC:HFPME:PVDF = 20:45:5:30 by weight and dis- 
solving LiTFSI of 1 .5 M (mole/liter) therein as lithium salt. The diffusion coefficient of lithium ions in the polymer electro- 
lyte 29 measured by PFG-NMR method was 1 1 X 10" ''^ m^/sec. 
[00781 The diffusivity of the polymer electrolyte was increased from the electrolyte of the embodiment 28 by 3 x 1 0 
^ ^ m^/sec. The diffusivity can be increased further by using fluorinated ether as the fluorinated solvent 

55 (Embodiment 30) 

[00791 The polymer electrolyte 30 of the embodiment 30 was prepared by mixing the organic solvent, fluorinated 
solvent (HFEl: FC(CF3)2CF20CH3 ). and PVDF in a ratio of EC:DMC:HFEI:PVDF = 20:45:5:30 by weight and dissolv- 
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ing LiTFSI of 1 .5 M (mole/liter) therein as lithium salt. The diffusion coefficient of lithium ions in the polymer electrolyte 
30 measured by PFG-NMR method was 15X10"^^ m^/sec. 

[0080] The diffusivity of the polymer electrolyte 30 was increased from the electrolyte of the embodiment 29 by 4 X 
m2/sec. The diffusivity can be increased further by using perfluoroalkyi ether having a CF3 branch as fluorinated 
5 alkyi chain. 



(Embodiment 30) 

[0081] The polymer electrolyte 30 of the embodiment 30 was prepared by mixing the organic solvent, fluorinated 
10 solvent (HFEl: FC(CF3)2CF2 OCH3 ), and PVDF in a ratio of EC:DMC:HFEI:PVDF = 20:45:5:30 by weight, and dissolv- 
ing LiTFSI of 1 .5 M (mole/liter) therein as lithium salt. The diffusion coefficient of lithium ions in the polymer electrolyte 
30 measured by PFG-NMR method was 15 X 10"'''' m^/sec. 

[0082] The diffusivity of the polymer electrolyte 30 was increased from the electrolyte of the embodiment 29 by 4 X 
1 0*^ ^ m^/sec. The diffusivity can be increased further by using perfluoroalkyi ether having a CF3 branch as fluorinated 
15 alkyI chain. 



(Embodiment 31) 

[0083] The polymer electrolyte 31 of the embodiment 31 was prepared by mixing the organic solvent, fluorinated 
20 solvent HFE2 which is obtained by mixing HFEl and HFEN (CF3(CF2)3 OCH3) in a ratio of HFEI:HFEN = 60:40. and 
PVDF in a ratio of EC:DMC:HFE2:PVDF = 15:50:5:30 by weight, and dissolving LiTFSI of 1 .5 M (mole/liter) therein as 
lithium salt. The diffusion coefficient of lithium ions in the polymer electrolyte 31 measured by PFG-NMR method was 

17X 10*^^ m^/sec. u o v 

[0084] The diffusivity of the polymer electrolyte 31 was increased from the electrolyte of the embodiment 30 by 2 X 
25 lO ""^ m^/sec. The diffusivity can be increased further by using a mixture of fluorinated ether having a branched chain 
structure with fluorinated ether having a linear chain structure. 



(Embodiment 32) 

30 [0085] The polymer electrolyte 32 of the embodiment 32 was prepared by mixing the organic solvent, fluorinated 
solvent HFE2, and PVDF in a ratio of EC:DMC:HFE2:PVDF = 15:45:10:30 by weight, and dissolving LiTFSI of 1.5 M 
(mole/liter) therein as lithium salt. The diffusion coefficient of lithium ions in the polymer electrolyte 32 measured by 
PFG-NMR method was 19X10'^^ m^/sec. 

[0086] The diffusivity of the polymer electrolyte 32 was increased from the electrolyte of the embodiment 31 by 2 X 
35 lO*^"" m^/sec. 



(Embodiment 33) 

[0087] The polymer electrolyte 33 of the embodiment 33 was prepared by mixing the organic solvent, fluorinated 
40 solvent HFE2, and PVDF in a ratio of EC:DMC:HFE2:PVDF = 10:45:15:30 by weight, and dissolving LiTFSI of 1.5 M 
(mole/liter) therein as lithium salt. The diffusion coefficient of lithium ions in the polymer electrolyte 33 measured by 
PFG-NMR method was 22 X lO"^*" m^/sec. 

[0088] The diffusivity of the polymer electrolyte 33 was increased from the electrolyte of the embodiment 32 by 3 X 
lO"^'' m^/sec. 

45 

(Embodiment 34) 

[0089] The polymer electrolyte 34 of the embodiment 34 was prepared by mixing the organic solvent, fluorinated 
solvent HFE2. and PVDF m a ratio of EC:DMC:HFE2:PVDF = 10:40:20:30 by weight, and dissolving LiTFSI of 1.5 M 
50 (mole/liter) therein as lithium salt. The diffusion coefficient of lithium ions in the polymer electrolyte 34 measured by 
PFG-NMR method was 20 X 10*^^ m^/sec. 

[0090] The diffusivity of the polymer electrolyte 34 was increased from the electrolyte of the embodiment 32 by 1 X 
-J Q-i 1 m^/sec. In case of HFE2. the largest effect could be obtained by a concentration of approximately 1 5 % by weight. 



55 
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(Lithium primary battery) 
(Comparative example 6) 

5 [0091] A coin type lithium primary battery having a structure indicated in FIG. 1 was prepared, and discharge per- 
formance of the battery at a low temperature was evaluated. The battery F of the comparative example 6 using for com- 
parison was prepared by the following steps. Manganese dioxide was used as a positive electrode active material; 
carbon powder was used as a conductive assistant agent; polyvinylidene fluoride (PVDF) was used as a binding agent; 
these materials were mixed in a ratio of MnOgXarbon powder: PVDF = 85:8:7; a positive pole 4 was prepared by fabri- 

10 eating the mixture in a disc shape by pressing, and sintering at 250 *C; and a positive electrode was prepared by crimp- 
ing the positive pole 4 to the positive pole electric collector 5. The negative electrode 2 was prepared by stumping a 
lithium rolled plate in a designated size. Then, an electrolyte was prepared by dissolving LiSOaCFa of 1 M (mole/liter) 
into PC. and the electrolyte was impregnated into a separator 3 made of polypropylene. The positive electrode was 
inserted in a positive can 6 so that the positive pole electric collector 5 was contacted with the positive electrode can 6; 

75 the separator 3 wherein the electrolyte was impregnated was inserted thereon; the negative electrode 2 was inserted 
thereon; the negative electrode cap 1 was placed thereon; and the coin type lithiurp primary battery was obtained by 
caulking the negative electrode cap 1 to the positive electrode can 6. Hennetic seal between the positive can 6 and the 
negative cap 1 is ensured by the gasket 7 made of polypropylene. 

[0092] Discharge time t of the battery F at O^C was measured when a resistance of 30 kTlwas connected between 
20 its terminals and the battery was discharged with a constant cunrent until the voltage was reached 2 Volt. The discharge 
time t of the battery F was 2000 hours. 

(Embodiment 35) 

25 [0093] The electrolyte 35 of the embodiment 35 was prepared by mixing PC and EOFPA(HCF2(CF2)3COOEt) in a 
ratio of PC:EOFPA = 95:5 by volume, and dissolving LiSOaCFg of 1 M (mole/liter) therein. The battery 35 of the embod- 
iment 35 was manufactured by the same method as the comparative example 6 using the electrolyte 35. The discharge 
time t of the battery 35 at 0 ^C was 21 00 hours. The battery 35 of the embodiment 35. the electrolyte of which contained 
EOFPA as the fluorinated solvent, had a discharge time longer than the discharge time of the battery F of the compar- 

30 ative example 6, the electrolyte of which did not contain the fluorinated solvent, by 1 00 hours at 0 °C. 

(Embodiment 36) 

[0094] The electrolyte 36 of the embodiment 36 was prepared by mixing PC and lOFP (HCF2(CF2)3CH2l) in a ratio 
35 of PC:IOFP = 95:5 by volume, and dissolving LiSOaCFa of 1 M (mole/liter) therein. The battery 36 of the embodiment 
36 was manufactured by the same method as the comparative example 6 using the electrolyte 36. The discharge time 
t of the battery 36 at 0 *C was 2150 hours. The battery 36 of the embodiment 36, the electrolyte of which contained 
lOFP as the fluorinated solvent, had a discharge time longer than the discharge time of the battery F of the comparative 
example 6, the electrolyte of which did not contain the fluorinated solvent, by 150 hours at 0 *C. 



40 



55 



(Embodiment 37) 



[0095] The electrolyte 37 of the embodiment 37 was prepared by mixing PC and TFHFO 
(FC{CF3)2(CF2)4(CF3)2CF) in a ratio of PC:TFHFO = 95:5 by volume, and dissolving LiSOaCFg of 1 M (mole/liter) 
45 therein. The battery 37 of the embodiment 37 was manufactured by the same method as the comparative example 6 
using the electrolyte 37. The discharge time t of the battery 37 at 0 «C was 21 80 hours. The battery 37 of the embodi- 
ment 37. the electrolyte of which contained TFHFO as the fluorinated solvent, had a discharge time longer than the dis- 
charge time of the battery F of the comparative example 6. the electrolyte of which did not contain the fluorinated 
solvent, by 180 hours at 0 °C. 

50 [0096] As explained above, the discharge time at 0 °C can be extended by mixing the fluorinated solvent having a 
structure, the terminal end of the fluorinated alkyi of which is unsymmetrical into the electrolyte, even though it may 
depends on the kind of the functional group in the molecule. 



(Embodiment 38) 



[0097] The electrolyte 38 of the embodiment 38 was prepared by mixing PC and FPME (H(CF2)2 OCH3) in a ratio 
of PC:FPME = 95:5 by volume, and dissolving LiS03CF3 of 1 M (mole/liter) therein. The battery 38 of the embodiment 
38 was manufactured by the same method as the comparative example 6 using the electrolyte 38. The discharge time 
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t of the battery 38 at 0 ^^C was 2200 hours. The battery 38 of the embodiment 38, the electrolyte of which contained 
FPME as the fluorinated solvent, had a discharge time longer than the discharge time of the battery F of the compara- 
tive example 6, the electrolyte of which did not contain the fluorinated solvent, by 200 hours at 0 °C. 
[0098] Furthermore, in comparison with the batteries of the embodiment 35-37. the discharge time t becomes 
5 longer by 20-1 00 hours, and the advantage is more significant if ether is used as the structure of the fluorinated solvent. 

(Embodiment 39) 

[0099] The electrolyte 39 of the embodiment 39 was prepared by mixing PC and HFPME (CF3CHFCF2 OCH3) in a 
10 ratio of PC.HFPME = 95:5 by volume, and dissolving LiSOsCFs of 1 M (mole/liter) therein. The battery 39 of the embod- 
iment 39 was manufactured by the same method as the comparative example 6 using the electrolyte 39. The discharge 
time t of the battery 39 at 0 °C was 2230 hours. The battery 39 of the embodiment 39, the electrolyte of which contained 
HFPME as the fluorinated solvent, had a discharge time longer than the discharge time of the battery F of the compar- 
ative example 6, the electrolyte of which did not contain the fluorinated solvent, by 230 hours at 0 °C. 
15 [0100] Furthermore, in comparison with the battery of the embodiment 38, the discharge time t becomes longer by 
30 hours, and the advantage is more significant if the fluorinated solvent, the structure of which has CF3 group at the 
tenminal end of the fluorinated alkyi, is used. 

(Embodiment 40) 

20 

[0101] The electrolyte 40 of the embodiment 40 was prepared by mixing PC and HFEI (FC(CF3)2CF2 OCH3) in a 
ratio of PC:HFEI = 95:5 by volume, and dissolving LiS03CF3 of 1 M (mole/liter) therein. The battery 40 of the embodi- 
ment 40 was manufactured by the same method as the comparative example 6 using the electrolyte 40, The discharge 
time t of the battery 40 at 0 *C was 2250 hours. The battery 40 of the embodiment 40. the electrolyte of which contained 
25 HFEI as the fluorinated solvent, had a discharge time longer than the discharge time of the battery F of the comparative 
example 6, the electrolyte of which did not contain the fluorinated solvent, by 250 hours at 0 ®C. 
[0102] Furthermore, in comparison with the battery of the embodiment 39, the discharge time t becomes longer by 
20 hours, and the advantage is more significant if perfluoroalkyi is used as the fluorinated alkyI chain of the fluorinated 
ether, the structure of which has CF3 group at the terminal end of the fluorinated alkyl. 

30 

(Embodiment 41) 

[0103] The electrolyte 41 of the embodiment 41 was prepared by mixing PC and HFEI (FC(CF3)2CF2 OCH3) in a 
ratio of PCiHFEl = 95:5 by volume, and dissolving LiSOsCFs of 1 M (mole/liter) therein. The battery 41 of the embodl- 

35 ment 41 was manufactured by the same method as the comparative example 6 using the electrolyte 41 . The discharge 
time t of the battery 41 at 0 "C was 2280 hours. The battery 41 of the embodiment 41 , the electrolyte of which contained 
HFPME as the fluorinated solvent, had a discharge time longer than the discharge time of the battery F of the compar- 
ative example 6, the electrolyte of which did not contain the fluorinated solvent, by 280 hours at 0 '^C. 
[0104] Furthermore, in comparison with the battery of the embodiment 40, the discharge time t becomes longer by 

40 30 hours, and the advantage is more significant if a mixture of fluorinated ether solvent having a linear chain structure 
and fluorinated ether solvent having a branched chain structure is used. 

(Lithium secondary battery) 

45 (Comparative example 7) 

[0105] In order to compare battery performance, a cylindrical type lithium secondary battery having a structure indi- 
cated in FIG. 2 was prepared by the following steps. Artificial graphite (mesophase micro beads) was used as a nega- 
tive electrode activie material; polyvinylidene fluoride (PVDF) was used as a binding agent; these materials were mixed 

50 in a ratio of artificial graphite: PVDF = 91 :9; the mixture was dissolved into a solvent. N-methylpyrolidone (hereinafter, 
called as NMP); and a paste was obtained by kneading the mixture. The paste was applied onto both side planes of a 
copper foil, which was used as a negative electrode electric collector 8, and the negative electrode was obtained by 
forming negative poles 9 at both sides of the negative electrode electric collector 8 by drying, heating, pressing, and 
vacuum drying the applied paste. Lithium cobaltate was used as the positive electrode active material; graphite carbon 

55 was used as a conductive agent; PVDF was used as a binding agent; these materials were mixed in a ratio of lithium 
cobaltate: graphite cariaon: PVDF = 85:7:8; the mixture was dissolved into NMP, a solvent; and a paste of positive elec- 
trode material was obtained by kneading the mixture. The paste was applied onto both side planes of an aluminum foil, 
which was used as a positive electrode electric collector 1 0, and the positive electrode was obtained by forming the pos- 
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itive electrode layer 1 1 at both sides of the positive electrode electric collector 10 by drying, heating, pressing, and vac- 
uum drying the applied paste. Each of the negative electrode lead 13 and the positive electrode lead 14, which were 
made of nickel foil, was fixed onto non-applied portion of the negative electrode and the positive electrode, respectively, 
by electric welding. These leads were wound via a separator 12, and the outemnost separator was fixed by tape to form 
5 an electrodes group. 

[0106] The electrodes group was inserted into an outer container 1 7, which was made of stainless steel, so that the 
negative electrode 1 3 was placed at the bottom of the container 1 7 via an insulator 1 5 made of polypropylene for insu- 
lation. The negative electrode lead 1 3 was fixed to the outer container 1 7 at its bottom by electric welding to fomn a neg- 
ative electrode circuit. The positive electrode lead 14 was welded electrically to the positive electrode cap 19 via a 

10 positive electrode insulator 1 6. 

[0107] The cylindrical type lithium secondary battery G provided to the comparative example 7 was manufactured 
by injecting approximately 4 ml of the electrolyte A (EC:DMC = 33:67, LiPFe = 1 M) of the comparative example 1 into 
the negative electrode outer container 1 7 through an opening, and caulking mechanically the positive electrode cap 19 
onto the negative electrode outer container 17. 

75 [0108] Using the battery G, the discharge capacity at 0 ^'C was measured. Charging condition was a constant cur- 
rent-constant voltage system, the constant current was 1 .6 A. the constant voltage was set at 4.2 V, and the charge ter- 
minating condition was 20 mA. Discharge condition was set as a constant cun-ent discharge of 1.6 A. The discharge 
capacity of the battery G evaluated under the above condition was 1 21 8 mAh. 

20 (Embodiment 42) 

[0109] The battery 42 of the embodiment 42 was manufactured by the same method as the comparative example 
7 using the electrolyte 1 prepared in the embodiment 1 (EC:DMC:EOFPA (HCF2(CF2)3 COOEt) = 32:63:5 by volume 
%. LiPFg = 1 M). The discharge capacity at 0 ''C of the battery 42 was 1 230 mAh, This value was larger than the value 
25 of the battery G of the comparative example 7. the electrolyte of which did not contain fluorinated solvent having unsym- 
metrical fluorinated alkyi at temninal end. by 12 mAh, and the advantage of mixing the fluorinated solvent relating to the 
chemical structure of the present invention was indicated. 

(Embodiment 43) 

30 

[0110] The battery 43 of the embodiment 43 was manufactured by the same method as the comparative example 
7 using the electrolyte 2 prepared in the embodiment 2 (EG:DMC:IOFP (HCFgiCFajaCHgl) = 32:63:5 by volume %. 
LiPFg = 1 M). The discharge capacity at 0 **C of the battery 43 was 1235 mAh. This value was larger than the value of 
the battery G of the comparative example 7 by 1 7 mAh, and the similar advantage as the embodiment 42 was confimned 
35 with the halogenized alkane. 

(Embodiment 44) 

[0111] The battery 44 of the embodiment 44 was manufactured by the same method as the comparative example 
40 7 using the electrolyte 3 prepared in the embodiment 3 (EC:DMC:TFHFO (FC(CF3)2 (CF2)4(CF3)2CF) =: 32:63:5 by vol- 
ume %. LIPFg = 1 M). The discharge capacity at 0 '^C of the battery 44 was 1 238 mAh. This value was larger than the 
value of the battery G of the comparative example 7 by 20 mAh. and the effect to improveioad perfonnance at a low 
temperature was confirmed with the perfluorinated alkane having no functional group. 

[0112] In accordance with the above embodiments 42-43, it was revealed that the discharge capacity at a low ten^ 
45 perature could be improve by mixing a fluorinated solvent having a structure that the terminal end of the fluorinated alkyl 
group was unsymmetrical with the electrolyte as a solvent. The advantage can be deemed as an effect of increasing 
the diffusivity of lithium ions caused by mixing the fluorinated solvent having chemical structures defined by the present 
invention indicated in the embodiments 1-3 (further embodiments 4-15). 

50 (Embodiment 45) 

[0113] The battery 45 of the embodiment 45 was manufactured by the same method as the comparative example 
7 using the electrolyte 4 prepared in the embodiment 4 (EC:DMC:FPME (H(CF2)2 OCH3) = 32:63:5 by volume %. LiPFg 
= 1 M). The discharge capacity at 0 ^'C of the battery 45 was 1245 mAh. This value was larger than the value of the 
55 battery G of the comparative example 7 by 28 mAh, and larger by 1 5 mAh, 1 0 noAh. and 7 mAh respectively in compar- 
ison with each of the above embodiments 42-44. It was revealed that the discharge capacity at a low temperature could 
be improved further by using the fluorinated solvent having an ether structure as FPME. 
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(Embodiment 46) 

[0114] The battery 46 of the embodiment 46 was manufactured by the same method as the comparative example 
7 using the electrolyte 5 prepared in the embodiment 5 (EC:DMC:HFPME (CF3CHFCF2 OCH3) = 32:63:5 by volume 
5 %, LiPFe = 1 M). The discharge capacity at 0 *C of the battery 46 was 1 270 mAh. This value was larger than the value 
of the battery G of the comparative example 7 by 52 mAh, and larger than the value of the embodiment 45 by 15 mAh. 
It was revealed that the discharge capacity at a low temperature could be improved further by using the compound hav- 
ing an unsymmetrical fluorinated temninal end and a CF3 group such as HFPME. 

10 (Embodiment 47) 

[0115] The battery 47 of the embodiment 47 was manufactured by the same method as the comparative example 
7 using the electrolyte 6 prepared in the embodiment 6 (EC:DMC:HFEI (FC(CF3)2CF2 OCH3) = 32:63:5 by volume %, 
LipPg ^ jhe discharge capacity at 0 °C of the battery 47 was 1280 mAh. This value was larger than the value of 
15 the battery G of the comparative example 7 by 62 nnAh. and larger than the value of the ennbodiment 46 by 1 0 mAh. 

(Embodiment 48) 

[Oil 6] The battery 48 of the embodiment 48 was manufactured by the same method as the comparative example 
20 7 using the electrolyte 7 prepared in the embodiment 7 using HFE1, which was obtained by mixing HFEI with HFEN 

(CF3(CF2)3 OCH3) in a ratio of HFEI:HFEN = 80:20 by volume, (EC:DMC:HFE1 = 32:63:5 by volume %, UPFq = 1 M). 

The discharge capacity at 0 °C of the battery 48 was 1280 mAh. This value was larger than the value of the battery G 

of the comparative example 7 by 82 mAh. and larger than the value of the embodiment 47 by 20 mAh. 

[Oil 7] As explained above, the discharge capacity at a low temperature can be improved further by using a mixture 
25 of fluorinated ether having a linear chain structure at the terminal end of fluorinated alkane with fluorinated ether having 

a branched chain structure at the temninal end of fluorinated alkane. 

(Embodiment 49) 

30 [0118] The battery 49 of the embodiment 49 was manufactured by the same method as the comparative example 
7 using the electrolyte 8 prepared in the embodiment 8 using HFE2, which was obtained by mixing HFEI with HFEN in 
a ratio of HFEI:HFEN = 60:40 by volume. (EC:DMC:HFE2 = 32:63:5 by volume %, LiPFs = 1 M). The discharge capacity 
at 0 **C of the battery 49 was 1 330 mAh. This value was larger than the value of the battery G of the comparative exam- 
ple 7 by 1 1 2 mAh, and larger than the value of the embodiment 48 by 30 mAh. 

35 [Oil 9] As explained above, the discharge capacity at a low temperature can be improved further by adjusting the 
mixing ratio of the mixture of fluorinated ether having a linear chain structure at the terminal end of the fluorinated 
alkane with fluorinated ether having a branched chain structure at the terminal end of the fluorinated alkane. 

(Embodiment 50) 

40 

[0120] The battery 50 of the embodiment 50 was manufactured by the same method as the comparative example 
7 using the electrolyte 9 prepared in the embodiment 9 using HFE3, which was obtained by mixing HFEI with HFEN in 
a ratio of HFEI :H FEN = 40:60 by volume, (EC:DMC:HFE3 = 32:63:5 by volume %, LiPF6= 1 M). The discharge capacity 
at 0 ''C of the battery 50 was 1320 mAh. This value was larger than the value of the battery G of the comparative exam- 
45 pie 7 by 102 mAh. 

(Embodiment 51) 

[0121] The battery 51 of the embodiment 51 was manufactured by the same method as the comparative example 
50 7 using the electrolyte 10 prepared in the embodiment 10 using HFE2, which was obtained by mixing HFEI with HFEN 
in a ratio of HFEI:HFEN = 60:40 by volume, (EC:DMC:HFE2 = 30:60:10 by volume %. LiPFg = 1 M). The discharge 
capacity at 0 of the battery 51 was 1350 mAh. This value was larger than the value of the battery G of the compar- 
ative example 7 by 132 mAh, and further larger than the values of the embodiments 47-50 by 70 mAh, 50 mAh, 20 mAh, 
30 mAh. respectively. The discharge capacity at a low temperature was improved further by adjusting the mixing 
55 amount of the fluorinated solvent into the electrolyte. 
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(Embodiment 52) 



[01221 The battery 52 of the embodiment 52 was manufactured by the same method as the comparative example 
7 using the electrolyte 1 1 prepared in the embodiment 1 1 using HFE2, which was obtained by mixing HFE! with HFEN 
5 in a ratio of HFEI HFEN = 60:40 by volume, (EC:DMC:HFE2 = 20:60:20 by volume %, LiPFg = 1 M)- The discharge 
capacity at 0 ''C of the battery 52 was 1330 mAh. This value was larger than the value of the battery G of the compar- 
ative example 7 by 112 mAh. 

(Embodiment 53) 

[0123] The battery 53 of the embodiment 53 was manufactured by the same method as the comparative example 
7 using the electrolyte 12 prepared in the embodiment 12 using HFE2. which was obtained by mixing HFEI with HFEN 
in a ratio of HFEI HFEN = 60:40 by volume, (EC:DMC:HFE2 = 10:60:30 by volume %. LiPF6= 1 M). The discharge 
capacity at 0 «C of the battery 53 was 131 0 mAh. This value was larger than the value of the battery G of the compar- 
ts ative example 7 by 92 mAh. 

(Embodiment 54) 

[0124] The battery 54 of the embodiment 54 was manufactured by the same method as the comparative example 

7 using the electrolyte 13 prepared in the embodiment 13 using HFE2, which was obtained by mixing HFEI with HFEN 
in a ratio of HFEI'HFEN = 60:40 by volume. (EC:DMC:HFE2 = 10:50:40 by volume %. LiPFg = 1 M). The discharge 
capacity at 0 of the battery 52 was 1305 mAh. This value was larger than the value of the battery G of the compar- 
ative example 7 by 87 mAh, . . 

[0125] In accordance with the above embodiments 50-54. the discharge capacity at a low temperature is improved 
further by adjusting the mixing amount of HFE in the electrolyte. In case of HFE. the performance increasing effect is 
significant when the mixing amount of HFE in the electrolyte in the range of approximately 5-20 % by volume. 

(Embodiment 55) 

[0126] ' The electrolyte 55 was prepared by mixing dimethylvinylene carbonate (hereinafter, called as DMVC) with 
the electrolyte 8 by 2 % by weight, and the battery 55 of the embodiment 55 was manufactured by the same method as 
the comparative example 7 using the electrolyte 55. The discharge capacity at 0 «C of the battery 52 was 1360 mAh 
This value was larger than the value of the battery G of the comparative example 7 by 1 42 mAh. and larger than any of 
the batteries of the embodiments 42-54. 

[01271 As explained above, the discharge capacity at a low temperature is remarkably improved by adding a solvent 
containing double bond in addition to the fluorinated solvent. 

(Embodiment 56) 

[0128] The electrolyte 56 was prepared by mixing vinylene carbonate (hereinafter, called as VC) with the electrolyte 

8 by 2 % by weight, and the battery 56 of the embodiment 56 was manufactured by the same method as the compara- 
tive examples using the electrolyte 56. The discharge capacity at 0 of the battery 56 was 1365 mAh. This value was 
larger than the value of the battery G of the comparative example 7 by 1 47 mAh, and larger further than the value of the 
battery 65 of the embodiment 55 by 5 mAh. 

45 

(Embodiment 57) 

[0129] The electrolyte 57 was prepared by mixing chloroethylene carbonate (hereinafter, called as Cl EC) with the 
electrolyte 8 by 2 % by weight, and the battery 57 of the embodiment 57 was manufactured by the same method as the 
50 comparative example 7 using the electrolyte 57. The discharge capacity at 0 «C of the battery 57 was 1 368 mAh. This 
value was larger than the value of the battery G of the comparative example 7 by 150 mAh. and larger further than the 
value of the battery 56 of the embodiment 56 by 3 mAh. 

[01301 As explained above, it was revealed that the discharge capacity at a low temperature was further improved 
by adding the fluorinated solvent into the electrolyte, even if a solvent, the reactivity of which with the negative electrode 
55 material was high at initial charge, was used. 
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(Embodiment 58) 

[0131] The electrolyte 58 was prepared by mixing ethylene sulfite (hereinafter, called as ES) with the electrolyte 8 
by 2 % by weight, and the battery 58 of the embodiment 58 was manufactured by the same method as the comparative 
5 example 7 using the electrolyte 58. The discharge capacity at 0 *C of the battery 58 was 1375 mAh. This value was 
larger than the value of the battery G of the comparative example 7 by 157 mAh. and larger further than the value of the 
battery 57 of the embodiment 57 by 7 mAh. 

(Embodiment 59) 

10 

[0132] The electrolyte 59 was prepared by mixing dimethyl sulfite (hereinafter, called as DMS) with the electrolyte 
8 by 2 % by weight, and the battery 59 of the embodiment 59 was manufactured by the same method as the compara- 
tive example 7 using the electrolyte 59. The discharge capacity at 0*C of the battery 59 was 1380 mAh. This value was 
larger than the value of the battery G of the comparative example 7 by 1 62 mAh. and larger further than the value of the 

15 battery 58 of the embodiment 58 by 5 mAh. 

[0133] As explained above, the discharge capacity at a low temperature of the battery using the electrolyte mixed 
with fluorinated solvent can be increased further by sulfur group material. Its reason can be deemed that an ion perme- 
able film formed on surface of the negative electrode during charging operation by the materials used in the embodi- 
ments 55-59 has an effect to enhance the lithium ion diffusivity at the surface boundary of the electrode in the 

20 electrolyte mixed with the fluorinated solvent. 

[0134] Discharge capacity-discharge voltage profile of 1 600 mA constant current discharge in 0 °C atmosphere of 
the comparative example 7, embodiment 49. and embodiment 58 are indicated in FIG. 3. In accordance with FIG. 3. the 
battery using the electrolyte mixed with the fluorinated solvent of the present invention (embodiment 49) and the battery 
using the electrolyte mixed with the solvent which forms coating film on the negative electrode (embodiment 58) have 

25 higher discharge voltage in comparison with the comparative example (comparative example 7), and significant 
improvement of performance in power capacity and power can be observed. 

(Polymer secondary battery) 

30 (Comparative example 8) 

[0135] Artificial graphite (mesophase micro beads) was used as a negative electrode active material; PVDF was 
used as a binding agent; these materials were mixed in a ratio of artificial graphite: PVDF = 91 :9; the mixture was dis- 
solved into a solvent (NMP); and a paste was obtained by kneading the mixture. The paste was applied onto both side 

35 planes of a copper foil, which was used as a negative electrode electric collector 8, and the negative electrode was 
obtained by forming negative poles 9 at both sides of the negative electrode electric collector 8 by drying, heating, 
pressing, and vacuum drying the applied paste. In accordance with the present battery, the electrode is folded when the 
battery is fonmed. Therefore, the folded portions were remained partially as non-applied portions, and also portions 
where the leads for leading terminals out were connected were remained as the non-applied portions. Lithium cobaltate 

40 was used as the positive electrode active material; graphite carbon was used as a conductive agent; PVDF was used 
as a binding agent; these materials were mixed in a ratio of lithium cobaltate: graphite carbon: PVDF = 85:7:8; the mix- 
ture was dissolved into a solvent (NMP); and a paste of positive electrode material was obtained by kneading the mix- 
ture. The paste was applied onto both side planes of an aluminum foil, which was used as a positive electrode electric 
collector 1 0, and the positive electrode was obtained by forming the positive electrode layer 1 1 at both sides of the pos- 

45 itive electrode electric collector 1 0 by drying, heating, pressing, and vacuum drying the applied paste. The non-applied 
portions were remained on the positive electrode as same as the negative electrode. The polymer electrolyte E (LiTFSt 
of 1 .5 M was dissolved as a lithium salt into a mixture of EC:DMC:PVDF = 20:50:30) of the comparative example E was 
impregnated into a micro-porous film made of polyethylene used as a separator in a heated and fused condition to form 
an electrolyte layer. The electrolyte layer was interposed between the negative electrode, which was connected with the 

50 negative electrode lead 13 by electric welding, and the positive electrode, which was connected with the positive elec- 
trode lead 14 by electric welding, and an electrodes group was formed by folding the electrodes at the non-applied por- 
tions and laminating. The electrodes group was inserted into an outer container 20. which was made of polypropylene 
cladded with fused aluminum, so that a part of leads of both positive electrode and the negative electrode were with- 
drawn outside, and a polymer secondary battery of the comparative example 8 was manufactured by sealing the lead 

55 terminal side by thermo-compression bonding. 

[0136] Using the polymer secondary battery 8, the discharge capacity at 0 ^'C was measured. Charging condition 
was a constant current-constant voltage system, the constant current was 0.2 A, the constant voltage was set at 4.2 V, 
and the charge temninating condition was 1 0 mA. Discharge condition was set as a constant current discharge of 0.4 



BNSDOCJO: <EP lOeSSQtAl J_> 



18 



EP 1 085 591 A1 



A. The discharge capacity of the polymer secondary battery 8 evaluated under the above condition was 280 mAh. 
(Embodiment 60) 

5 [0137] The polymer secondary battery 60 of the embodiment 60 was manufactured by the same method as the 
comparative example 8 using the polymer electrolyte 25 prepared in the embodiment 25 (LiTFSI = 1 .5 M was dissolved 
into a mixture of EC:DMC:EOFPA (HCF2(CF2)3COOEt):PVDF = 20:45:5:30). The discharge capacity at 0 of the bat- 
tery 60 was 310 mAh. This value was larger than the value of the polymer secondary battery 8 of the comparative exam- 
ple 8 by 30 mAh, and the advantage in improvement of discharge performance at a low temperature by mixing the 

10 fluorinated solvent having fluorinated alkyi chain, terminal structure of which was unsymmetrical, into the electrolyte 
was recognized. 

(Embodiment 61) 

75 [0138] The polymer secondary battery 61 of the embodiment 61 was manufactured by the same method as the 
comparative example 8 using the polymer electrolyte 28 prepared in the embodiment 26 (LiTFSI = 1 .5 M was dissolved 
into a mixture of EC:DMC:IOFP (HCF2(CF2)3CH2l):PVDF = 20:45:5:30)as the polymer electrolyte. The discharge 
capacity at 0°C of the battery 61 was 312 mAh. This value was larger than the value of the polymer battery 8 of the com- 
parative example 8 by 32 mAh. 

20 

(Embodiment 62) 

[0139] The polymer secondary battery 62 of the embodiment 62 was manufactured by the same method as the 
comparative example 8 using the polymer electrolyte 27 prepared in the embodiment 27 (LiTFSI = 1 .5 M was dissolved 
25 into a mixture of EC:DMC:TFHFO:P\/DF = 20:45:5:30)as the polymer electrolyte. The discharge capacity at 0 ^'C of the 
battery 62 was 315 mAh. This discharge capacity was larger than the value of the polymer battery 8 of the comparative 
example 8 by 35 mAh. As indicated in the above embodiment 61 and 62, the effect to increase discharge capacity at a 
low temperature was confirmed, even if the kind of the fluorinated solvent was changed. 

30 (Embodiment 63) 

[0140] The polymer secondary battery 63 of the embodiment 63 was manufactured by the same method as the 
comparative example 8 using the polymer electrolyte 28 prepared in the embodiment 28 (LiTFSI = 1 .5 M was dissolved 
into a mixture of EC:DMC:TFHFO:PVDF = 20:45:5:30)as the polymer electrolyte. The discharge capacity at 0°C of the 
35 battery 63 was 320 mAh. This discharge capacity was larger than the value of the polymer battery 8 of the comparative 
example 8 by 40 mAh. In comparison with the batteries of the embodiments 60-62, the discharge capacity of the battery 
63 is larger by 1 0 mAh, 8 mAh, and 5 mAh, respectively. The discharge capacity at a low temperature can be increased 
by making the fluorinated solvent have an ether structure. 

40 (Embodiment 64) 

[0141] The polymer secondary battery 64 of the embodiment 64 was manufactured by the same method as the 
comparative example 8 using the polymer electrolyte 29 prepared in the embodiment 29 (LiTFSI = 1 .5 M was dissolved 
into a mixture of EC:DMC:HFPME:PVDF = 20:45:5:30 as the polymer electrolyte. The discharge capacity at 0 of the 
45 battery 63 was 330 mAh. This discharge capacity was larger than the value of the polymer battery 8 of the comparative 
example 8 by 50 mAh. In comparison with the battery of the embodiment 63, the discharge capacity of the battery 64 
was larger by 10 mAh, and the discharge capacity at a low temperature can be increased further by making the fluori- 
nated solvent have a structure having CF3 group at the terminal end of the fluorinated alkyI chain. 

50 (Embodiment 65) 

[0142] The polymer secondary battery 65 of the embodiment 65 was manufactured by the same method as the 
comparative example 8 using the polymer electrolyte 30 prepared in the embodiment 30 (LiTFSI = 1 .5 M was dissolved 
into a mixture of EC:DMC:HFE1:PVDF = 20:45:5:30 as the polymer electrolyte. The discharge capacity at 0*^0 of the 
55 battery 64 was 340 mAh. This discharge capacity was larger than the value of the polymer battery 8 of the comparative 
example 8 by 60 mAh. In comparison with the battery of the embodiment 64, the discharge capacity of the battery 65 
was larger by 1 0 mAh. and the discharge capacity at a low temperature can be increased further by making the fluorine 
chain of fluorinated alkyI ether having CF3 group at the terminal end perfluorinated. 
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(Embodiment 66) 

[0143] The polymer secondary battery 66 of the embodiment 66 was manufactured by the same method as the 
comparative example 8 using the polymer electrolyte 31 prepared in the embodiment 31 (using HFE2 which is obtained 

5 by mixing HFEI and HFEN (CF3(CF2)3 OCH3) in a ratio of HFEI:HFEN = 60:40 as a fluorinated solvent, and LiTFSI of 
1.5 M was dissolved into a mixture of EC:DMC:HFE2:PVDF = 15:50:5:30) as the polymer electrolyte. The discharge 
capacity at O^^C of the battery 66 was 346 mAh. This discharge capacity was larger than the value of the polymer battery 
8 of the comparative example 8 by 66 mAh. In comparison with the battery of the embodiment 65, the discharge capac- 
ity of the battery 66 was larger by 6 mAh, and the discharge capacity at a low temperature can be increased further by 

10 using a mixture of fluorinated ether having a branched chain structure with fluorinated ether having a linear chain struc- 
ture. 

(Embodiment 67) 

15 [0144] The polymer secondary battery 67 of the embodiment 67 was manufactured by the same method as the 
comparative example 8 using the polymer electrolyte 32 prepared in the embodiment 32 (using HFE2 which is obtained 
by mixing HFEI and HFEN (CF3(CF2)3 OCH3) in a ratio of HFEI:HFEN = 60:40 as a fluorinated solvent, and LiTFSI of 
1.5 M was dissolved into a mixture of EC:DMC:HFE2:PVDF = 15:45:10:30) as the polymer electrolyte. The discharge 
capacity at 0 **C of the battery 67 was 350 mAh. This discharge capacity was larger than the value of the polymer bat- 

20 tery 8 of the comparative example 8 by 70 mAh. In comparison with the battery of the embodiment 66. the discharge 
capacity of the battery 67 was larger by 4 mAh. and the discharge capacity at a low temperature can be increased fur- 
ther by adjusting the mixing ratio of the fluorinated ether in the electrolyte. 

(Embodiment 68) 

25 

[0145] The polymer secondary battery 68 of the embodiment 68 was manufactured by the same method as the 
comparative example 8 using the polymer electrolyte 33 prepared in the embodiment 33 (using HFE2 which is obtained 
by mixing HFEI and HFEN (CF3(CF2)3 OCH3) in a ratio of HFEI:HFEN = 60:40 as a fluorinated solvent, and LiTFSI of 
1.5 M was dissolved into a mixture of EC:DMC:HFE2:PVDF = 10:45:15:30) as the polymer electrolyte. The discharge 
30 capacity at O^C of the battery 68 was 341 mAh. This discharge capacity was larger than the value of the polymer battery 
8 of the comparative example 8 by 61 mAh. 

(Embodiment 69) 

35 [0146] The polymer secondary battery 69 of the embodiment 69 was manufactured by the same method as the 
comparative example 8 using the polymer electrolyte 34 prepared in the embodiment 33 (using HFE2 which is obtained 
by mixing HFEI and HFEN (CF3(CF2)3 OCH3) in a ratio of HFEIrHFEN = 60:40 as a fluorinated solvent, and LiTFSI of 
1.5 M was dissolved into a mixture of EC:DMC:HFE2:PVDF = 10:40:20:30) as the polymer electrolyte. The discharge 
capacity at 0*»C of the battery 69 was 341 mAh. This discharge capacity was larger than the value of the polymer battery 

40 8 of the comparative example 8 by 61 mAh. 

(Embodiment 70) 

[0147] The polymer secondary battery 70 of the embodiment 70 was manufactured by the same method as the 
45 comparative example 8 using the polymer electrolyte 70 prepared by mixing dimethylvinylene carbonate DMVC into the 
polymer electrolyte 31 of the embodiment 31 by 2 % by weight as the polymer electrolyte. The discharge capacity at 0 
'^C of the battery 70 was 360 mAh. This discharge capacity was larger than the value of the polymer battery 8 of the 
comparative example 8 by 80 mAh. Further, in comparison with the battery 66. the discharge capacity is larger by 14 
mAh, and the discharge capacity at a low temperature can be increased further by adding a compound having a func- 
50 tion to form a reaction product film on the surface of the negative electrode to the polymer electrolyte mixed with the 
fluorinated solvent. 

(Embodiment 71) 

55 [0148] The polymer secondary battery 71 of the embodiment 71 was manufactured by the same method as the 
comparative example 8 using the polymer electrolyte 71 prepared by mixing vinylene carbonate VC into the polymer 
electrolyte 31 of the embodiment 31 by 2 % by weight as the polymer electrolyte. The discharge capacity at 0°C of the 
battery 71 was 362 mAh. This discharge capacity was larger than the value of the polymer battery 8 of the comparative 
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example 8 by 82 mAh. Further, in comparison with the battery 66. the discharge capacity is larger by 1 6 mAh, and 
discharge capacity at a low temperature can be increased further by adding a compound having a function to for 
reaction product film on the surface of the negative electrode to the polymer electrolyte mixed with the fluonnated 
vent. 



10 



(Embodiment 72) 

[0149] The polymer secondary battery 72 of the embodiment 72 was manufactured by the same method as the 
comparative example 8 using the polymer electrolyte 72 prepared by mixing chloroethylene carbonate CIEC into the 
polymer electrolyte 31 of the embodiment 31 by 2 % by weight as the polymer electrolyte. The discharge capacity at 0 
of the battery 72 was 365 mAh. This discharge capacity was larger than the value of the polymer battery 8 of the 
comparative example 8 by 85 mAh. Further, in comparison with the battery 66. the discharge capacity is larger by 19 
mAh and the discharge capacity at a low temperature can be increased further by adding a compound having a func- 
tion to form a reaction product film on the surface of the negative electrode to the polymer electrolyte mixed with the 
75 fluorinated solvent 

(Embodiment 73) 

[0150] The polymer secondary battery 73 of the embodiment 73 was manufactured by the same method as the 
comparative example 8 using the polymer electrolyte 73 prepared by mixing ethylene sulfite ES into the polymer elec- 
trolyte 31 of the embodiment 31 by 2 % by weight as the polymer electrolyte. The discharge capacity at 0°C of the bat- 
tery 73 was 367 mAh. This discharge capacity was larger than the value of the polymer battery 8 of the comparative 
example 8 by 87 mAh. Further, in comparison with the battery 66. the discharge capacity is larger by 21 mAh. and the 
discharge capacity at a low temperature can be increased further by adding a sulfur group compound having a function 
to form a reaction product film on the surface of the negative electrode to the polymer electrolyte mixed with the fluon- 
nated solvent. 
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(Embodiment 74) 

[0151] The polymer secondary battery 74 of the embodiment 74 was manufactured by the same method as the 
comparative example 8 using the polymer electrolyte 74 prepared by mixing propane sulton PS into the polymer elec- 
trolyte 31 of the embodiment 31 by 2 % by weight as the polymer electrolyte. The discharge capacity at 0 ''C of the bat- 
tery 74 was 369 mAh. This discharge capacity was larger than the value of the polymer battery 8 of the comparative 
example 8 by 89 mAh. Further, in comparison with the battery 66, the discharge capacity is larger by 23 mAh. and the 
discharge capacity at a low temperature can be increased further by adding a sulfur group compound having a function 
to form a reaction product film on the surface of the negative electrode to the polymer electrolyte mixed with the fluori- 
nated solvent. 

(Electrochemical capacitor) 

(Comparative example 9) 

[0152] A paste of polarity electrode was obtained by mixing active carbon powder as a main component of the 
polarity electrode; acetylene black as a conductive assistant agent; and polytetrafluoroethylene as a binding agent; into 
NMP as a solvent^, and kneading the mixture. The paste was applied onto both side planes of an electric collector made 
of metallic aluminum foil, and the polarity electrode was formed subsequently by drying, heating, and pressing. After 
connecting a lead made of nickel to one end of the polarity electrode by electric welding, an electrode group for elec- 
trochemical capacitor was formed by winding the polarity electrode via a separator. The electrochemical capacitor 9 of 
the comparative example 9 was manufactured by inserting the electrode group into a battery can; connecting respective 
of a positive electrode lead and a negative electrode lead to the terminal of the positive pole and to the terminal of the 
negative pole of the battery lid, respectively, by electric welding; injecting the electrolyte D (solvent; PC. salt; (Et)4 NBF4 
0 6 M) prepared by the comparative example 4 into the battery can; and caulking the battery lid mechanically to the bat- 
tery can via a gasket made of polypropylene. A static capacity of the capacitor was evaluated when the capacitor was 
discharged with a constant current of 20 A from a full charged condition at 0«C. The static capacity of the capacitor of 
55 the comparative example 9 evaluated under the above condition was 58 F 
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(Embodiment 75) 

[01 53] The electrochemical capacitor 75 of the embodiment 75 was manufactured by the same method as the com- 
parative example 9 using the electrolyte 16 prepared in the embodiment 16 (a mixture of PC:DEC:EOFPA 
5 {HCF2{CF2)3COOEt) = 85:10:5 as solvent, and salt (Et)4NBF4 of 0.6 M). The static capacity was evaluated under the 
same condition as the comparative example 9. The static capacity of the electrochemical capacitor 75 was 61 F The 
static capacity was increased 3 F from the comparative example 9. Mixing fluorinated solvent having fluorinated alkyi, 
terminal end of which had a typical structure, was effective for increasing performance of the electrochemical capacitor 
at a low temperature. 

10 

(Embodiment 76) 

[01 54] The electrochemical capacitor 76 of the embodiment 76 was manufactured by the same method as the com- 
parative example 9 using the electrolyte 17 prepared in the embodiment 17 (a mixture of PC:DEC:10FP 
75 (HCF2(CF2)3CH2l) = 85:10:5 as solvent, and salt (Et)4NBF4 of 0.6 M). The static capacity was evaluated under the 
same condition as the comparative example 9. The static capacity of the electrochemical capacitor 76 was 62 F. The 
static capacity was increased 4 F from the comparative example 9. 

(Embodiment 77) 

20 

[01 55] The electrochemical capacitor 77 of the embodiment 77 was manufactured by the same method as the com- 
parative example 9 using the electrolyte 18 prepared in the embodiment 18 (a mixture of PC:DEC:TFHFO 
(FC(CF3)2(CF2)4CF(CF3)2) = 85:1 0:5 as solvent, and salt (Et)4NBF4 of 0.6 M). The static capacity was evaluated under 
the same condition as the comparative example 9. The static capacity of the electrochemical capacitor 77 was 64 F. The 
25 static capacitance was increased 6 F from the comparative example 9. 

foise] As explained above, several fluorinated solvent having features at the terminal end of fluorinated alkyI were 
tested, and the static capacity was increased by using any one of the solvent in comparison with the capacitor of the 
comparative example. That is. it can be assumed that the structure at the tenminal end of the alkyI contributes to the 
effect. 

30 

(Embodiment 78) 

[01 57] The electrochemical capacitor 78 of the embodiment 78 was manufactured by the same method as the com- 
parative example 9 using the electrolyte 19 prepared in the embodiment 19 (a mixture of PC:DEC:FPME 

35 (H(CF2)20CH3) = 85:10:5 as solvent, and salt (Et)4NBF4 of 0.6 M). The static capacity was evaluated under the same 
condition as the comparative example 9. The static capacity of the electrochemical capacitor 78 was 66 F. 
[01 58] The static capacitance was increased 8 F from the comparative example 9. Furthermore, in comparison with 
the embodiments 75, 76, and 77, the static capacity of the electrochemical capacitor 78 was larger by 5F. 4F, and 2F. 
respectively Therefore, the static capacity at a low temperature can be increased by making the functional group of the 

40 fluorinated solvent an ether structure. 

(Embodiment 79) 

[01 59] The electrochemical capacitor 79 of the embodiment 79 was manufactured by the same method as the com- 
45 parative example 9 using the electrolyte 20 prepared in the embodiment 20 (a mixture of PC:DEC:HFPME 
(CF3CHFCF2OCH3) = 85:10:5, and salt (Et)4NBF4 of 0.6 M). The static capacity was evaluated under the same condi- 
tion as the comparative example 9. The static capacity of the electrochemical capacitor 79 was 68 R 
[0160] The static capacitance was increased 10 F from the comparative example 9. Furthermore, in comparison 
with the embodiment 78, the static capacity of the electrochemical capacitor 79 was larger by 2F The static capacity at 
50 a low temperature can be increased by using fluorinated ether having CF3 at the terminal end of the fluorinated alkyl. 

(Embodiment 80) 

[01 61 ] The electrochemical capacitor 80 of the embodiment 80 was manufactured by the same method as the com- 
55 parative example 9 using the electrolyte 21 prepared in the embodiment 21 ( a mixture of PC:DEC:HFEI 
(FC(CF3)2CF20CH3) = 85:10:5, and salt (Et)4NBF4 of 0.6 M). The static capacity was evaluated under the same con- 
dition as the comparative example 9. The static capacity of the electrochemical capacitor 80 was 71 F. 
[0162] The static capacitance was increased 13 F from the comparative example 9. Furthermore, in comparison 
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with the embodiment 79, the static capacity of the electrochemical capacitor 80 was increased by 3F. The static capacity 
at a low temperature can be increased further by making fluorinated ether having CF3 at the terminal end of the fluori- 
nated alky! to perfluorcalkyl ether. 

5 (Embodiment 81) 

[0163] The electrochemical capacitor 81 of the embodiment 81 was manufactured by the same method as the com- 
parative example 9 using the electrolyte 22 prepared in the embodiment 22 (the fluorinated solvent HFEl. which was 
prepared by mixing HFEI and HFEN in a ratio of HFEI:HFEN (CF3(CF2)30CH3) = 80:20 by volume, was used. A mixture 

10 of PC:DEC:HFE1 = 85:10:5 by volume, and salt (Et)4NBF4 of 0.6 M). The static capacity was evaluated under the same 
condition as the comparative example 9. The static capacity of the electrochemical capacitor 81 was 72 F 
[0164] The static capacitance was increased 14 F from the comparative example 9. Furthermore, in comparison 
with the embodiment 80, the static capacity of the electrochemical capacitor 81 was increased by 1 R The static capacity 
at a low temperature can be increased further by using a mixture of perfluoroalkyl of branched structure having CF3 at 

15 the terminal end of the fluorinated alkyl and perfluoroalkyl ether of linear chain structure having CF3 at the terminal end 
of the fluorinated alkyl. 

(Embodiment 82) 

20 [0165] The electrochemical capacitor 82 of the embodiment 82 was manufactured by the same method as the com- 
parative example 9 using the electrolyte 23 prepared in the embodiment 23. The fluorinated solvent HFE2, which was 
prepared by mixing HFEI and HFEN in a ratio of HFEI:HFEN {CF3(CF2)30CH3) = 60:40 by volume, was used. A mixture 
of PC:DEC:HFE2 = 85:1 0:5 by volume, and salt (Et)4NBF4 of 0.6 M was used as the electrolyte 23. The static capacity 
was evaluated under the same condition as the comparative example 9. The static capacity of the electrochemical 

25 capacitor 82 was 75 F. 

[0166] The static capacitance was increased 17 F from the comparative example 9. Furthemriore, in comparison 
with the embodiment 81 . the static capacity of the electrochemical capacitor 82 was increased by 3R The static capacity 
at a low temperature can be increased further by adjusting the mixing ratio of the mixture of perfluoroalkyl of branched 
structure having CF3 at the terminal end of the fluorinated alkyl and perfluoroalkyl ether of linear chain structure having 
30 CF3 at the tenninal end of the fluorinated alkyl. 

(Embodiment 83) 

[0167] The electrochemical capacitor 83 of the embodiment 83 was manufactured by the same method as the com- 
35 parative example 9 using the electrolyte 24 prepared in the embodiment 24. The fluorinated solvent HFE3, which was 
prepared by mixing HFEI and HFEN in a ratio of HFE1:HFEN (CF3(CF2)30CH3) = 40:60 by volume, was used. A mixture 
of PC:DEC:HFE3 = 85:10:5 by volume, and salt (Et)4NBF4 of 0,6 M was used as the electrolyte 24. The static capacity 
was evaluated under the same condition as the comparative example 9. The static capacity of the electrochemical 
capacitor 83 was 72 R 

40 [0168] The static capacitance was increased 1 4 F from the comparative example 9. 

[0169] As explained above, diffusivity of mobile ions in electrolyte, or in polymer electrolyte can be improved by mix- 
ing any of fluorinated solvent having a branched chain structure; branched chain fluorinated solvent alkyl ether; and a 
mixture of branched and linear chain fluorinated alkyl ether of the present invention into the electrolyte, or in the polymer 
electrolyte. In accordance with using an electrolyte mixed with any of these fluorinated solvents, the discharge capacity 

45 or static capacity at a low temperature of lithium primary battery, lithium secondary battery, polymer secondary battery, 
and electrochemical capacitor can be improved. In accordance with improving the operation perfomnance at a low tem- 
perature, application of these batteries or the capacitors to portable outdoor appliance can be extended widely, and 
these batteries or the capacitors can be applied preferably to installed outdoor appliance such as home power storage 
system and so on. 

so 

Claims 

1. A non-aqueous electrolyte comprising organic solvent and lithium salt, wherein 
55 said organic solvent comprises a fluorinated solvent expressed by the following chemical formula 1: 
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I 

c 
I 

R2 



R3 -c— ^cF2 



10 



where, n indicates an integer from 1 to 1 0, respective of R^, R2, and R3 indicates any one of fluorine, hydrogen, 
chlorine, methyl group, ethyl group, trifluoromethyl group, and trifluoroethyl group, these elements or groups 
15 satisfy a relation of any one of R2 R3, or R^ ^ R2, or R2 * R3. or R^ R3, and X indicates any one of 

ether group, ester group, acyl group, or semifluoroether group, semifluoroester group, semlfluoroacyl group, or 
fluorine, chlorine, iodine, hydrogen, methyl group, ethyl group, propyl group, amino group. 

2. A non-aqueous electrolyte claimed in claim 1 , wherein 

20 

said organic solvent is fluorinated ether expressed by the following chemical fonnula 2: 



Ri 
I 

R3 -c— eCF2^0-R4 

I 

R2 



30 



where, n indicates an integer from 1 to 10, respective of R^, R2, and R3 indicates anyone of fluorine, hydrogen, 
chlorine, methyl group, ethyl group, trifluoromethyl group, and trifluoroethyl group, these elements or groups 
satisfy a relation of any one of R-i R2 =^ R3. or R^ * R2. or R2 ^ R3. or Ri ^ R3. and R4 indicates any one of 
35 methyl group, ethyl group, and propyl group. 

3. A non-aqueous electrolyte claimed in claim 2. wherein 

said fluorinated ether is one of or both of linear chain fluorinated ether expressed by the following chemical for- 
40 mula 3, and branched chain fluorinated ether expressed by the following chemical formula 4: 



45 




50 



where, k indicates an integer from 1 to 10, and R4 indicates any one of methyl group, ethyl group, and propyl 
55 group, 
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CF3 

R3 -C-t CF2-^0-R4 
I 

CF, 



10 



where, h indicates an integer from 1 to 10, and R4 indicates any one of methyl group, ethyl group, propyl group, 
or semifluoromethyl group, semifluoroethyl group, and semifluoropropyl group. 

15 4- A non-aqueous electrolyte containing the fluorinated solvent claimed in any one of claims 1 to 3 in the non-aqueous 
electrolyte 5-40 % by volume. 

5. A non-aqueous electrolyte comprising organic solvent and quaternary onium salt, wherein 

20 said organic solvent comprises a fluorinated solvent expressed by the following chemical formula 1 : 



25 



30 



Ri 
I 

R3 -c-fCFj-hrX 
I 

Rz 



where, n indicates an integer from 1 to 1 0, respective of , R2, and R3 indicates any one of fluorine, hydrogen, 
chlorine, methyl group, ethyl group, trifluoromethyl group, and trifluoroethyl group, these elements or groups 
35 satisfy a relation of any one of R^ Rg R3, or Ri Rg. or Rg ^ R3. or R^ ;t R3, and X indicates any one of 

ether group, ester group, acyl group, or semifluoroether group, semitluoroester group, semifluoroacyl group, or 
fluorine, chlorine, iodine, hydrogen, methyl group, ethyl group, propyl group, amino group. 

6. A non-aqueous electrolyte claimed in claim 5, wherein 

40 

said fluorinated solvent is fluorinated ether expressed by the following chemical formula 2: 

Ri 
I 

R3 -C— e CF2-hs-0-R4 
1 

R2 

SO 



where, n indicates an integer from 1 to 10, respective of R^, R^, and R3 indicates anyone of fluorine, hydrogen, 
chlorine, methyl group, ethyl group, trifluoromethyl group, and trifluoroethyl group, these elements or groups 
satisfy a relation of any one of R^ ^ Rg ^ R3, or R^ * Rg. or Rg ^ R3. or R, ;t R3. and R4 Indicates any one of 
methyl group, ethyl group, and propyl group. 
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7. A non-aqueous electrolyte claimed in claim 6. wherein 

said fluorinated ether is one of or both of linear chain fluorinated ether expressed by the following chemical for- 
mula 3, and branched chain fluorinated ether expressed by the following chemical fonnula 4: 

5 

CF3 
I 

R 3 -C— f- C F2 -tu-0- R* 
I 

R2 



13 

Where, k indicates an integer from 1 to 1 0. and R4 indicates any one of methyl group, ethyl group, propyl group, 
or semifluoromethyl group, semifluoroethyl group, and semifluoropropyl group, 

CF3 
I 

R3 -c— f-c F2-hr 0-R4 
I 

25 C 



30 



Where, h indicates an integer from 1 to 10, and R4 indicates any one of methyl group, ethyl group, and propyl 
group. 



8. A polymer electrolyte comprising organic solvent, lithium salt, and polymer compound, wherein 
35 said organic solvent comprises a fluorinated solvent expressed by the following chemical formula 1 : 




where n indicates an integer from 1 to 1 0, respective of , Rg. and R3 indicates any one of fluonne. hydrogen, 
chlorine methyl group, ethyl group, trifluoromethyl group, and trifluoroethyi group, these elements or groups 
satisfy a relation of any one of R, * Rg * R3. or R^ ^ R2. or Rg* R3. or R^ ^ R3. and X indicates any one of 
ether group, ester group, acyl group, orsemifluoroether group, semifluoroester group, semifluoroacyl group, or 
fluorine, chlorine, iodine, hydrogen, methyl group, ethyl group, propyl group, amino group. 

9. A polymer electrolyte claimed in claim 8, wherein 

said fluorinated solvent is fluorinated ether expressed by the following chemical formula 2: 
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c F2 -hs-o-R4 



10 



Where, n indicates an integer from 1 to 10, respective of Ri , Rg, and R3 indicates any one of fluorine, hydrogen, 
chlorine, methyl group, ethyl group, trifluoromethyi group, and trifluoroethyl group, these elements or groups 
satisfy a relation of any one of R2 ^ R3. or R^ Rg, or Rg ^ R3, or R^ ^ R3, and R4 indicates any one of 
methyl group, ethyl group, and propyl group. 

10. A polymer electrolyte claimed in claim 9, wherein 

said f luorinated ether is one of or both of linear chain fluorinated ether expressed by the following chemical for- 
mula 3. and branched chain fluorinated ether expressed by the following chemical formula 4: 



25 



30 



CF3 

I 

R2 



where, k indicates an integer from 1 to 10. and R4 indicates any one of methyl group, ethyl group, and propyl 
35 group. 



CF3 

I 

R3 -C— t-CF2-tb-0-R4 
i 

CF3 



45 



Where, h indicates an integer from 1 to 10, and R4 indicates any one of methyl group, ethyl group, and propyl 
group. 

so 

11. A polymer electrolyte containing the fluorinated solvent claimed in any one of claims 8 to 1 0 in the polymer electro- 
lyte 5-40 % by volume. 

12. A lithium primary battery comprising a negative electrode made of lithium metal or a lithium alloy, a positive elec- 
55 trode made of manganese dioxide, and non-aqueous electrolyte, wherein 

said non-aqueous electrolyte is composed of the non-aqueous electrolyte claimed in any one of claims 1 to 4. 
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13. A lithium secondary battery comprising a negative electrode which can intercalate and de-intercalate lithium, a pos- 
itive electrode which can intercalate and de-intercalate lithium, and non-aqueous electrolyte, wherein 

said non-aqueous electrolyte is composed of the non-aqueous electrolyte claimed in any one of claims 1 to 4. 

5 

14. An electrochemical capacitor comprising polarity electrodes and non-aqueous electrolyte, wherein 

said non-aqueous electrolyte is composed of the non-aqueous electrolyte claimed in any one of claims 1 to 4. 

10 15. A polymer secondary battery comprising a negative electrode which can intercalate and de-intercalate lithium, a 
positive electrode which can intercalate and de-intercalate lithium, and polymer electrolyte, wherein 

said polymer electrolyte is composed of the polymer electrolyte claimed in any one of claims 8 to 1 1 . 
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